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Meat... 


and the Protein Requirement 
in luberculosis 


Evaluation by blood analyses shows that protein needs of the tuber- 
cuious patient increase markedly with advancing extent and duration 
of the disease.':* 

Although the concentration of total serum proteins in tuberculosis 
may be elevated, controlled studies have shown that the elevation usually 
is due to an increase in the globulins.* In patients with advanced tuber- 
culosis the albumin fraction of the total serum protein may be sharply 
lower, while the globulin fractions are distinctly higher in amounts than 
normal.‘ 

This low serum albumin concentration has been interpreted to reflect 
“a low protein intake as well as a retarded or failing support with protein 
released from protein reserves.”’? Unless the low level of serum albumin 
is corrected by enhanced protein nutrition, it “eventually means a low 
hemoglobin level and a low total red cell count with cells that have a 
normal color index.’’? 

To satisfy the increased protein needs, 120 grams of protein or more 
should be supplied in the daily diet.?; Meat and other high protein foods 
of animal origin, appetizingly served, assist in getting patients with de- 
pressed appetite to eat the amount of food needed to derive the required 
protein. 

Other important contributions of meat are its valuable amounts of 
B vitamins and of essential minerals, especially iron, phosphorus, and 
potassium. 


1. Getz, H. R.; Westfall, I. S., and Henderson, H. J.: Nutrition in Tuberculosis as Evaluated 
by Blood Analysis, Am. Rev. Tuberc. 50:96 (Aug.) 1944 
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4. Seibert, F. B.; Seibert, M. V.; Atno, A. J., and Campbell, H. W.: Variation in Protein and 
Polysaccharide Content of Sera in Chronic Diseases, Tuberculosis, Sarcoidosis, and Car- 
cinoma, J. Clin. Invest. 26:90 (Jan.) 1947. 
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CULTURES OF PULMONARY LESIONS RESECTED 
FROM HUMANS 


GLADYS L. HOBBY, OSCAR AUERBACH, TULITA F. LENERT 
MAURICE J. SMALL, ann JOHN V. COMER 


18, 1954 


INTRODUCTION 


\ number of years have ¢ apsed since the early studies which established many 
of the technical methods used today in the field of microbiology Chroughout 
this period, the microbiologist has been plagued, and often intrigued by his 
lreque nt inabilitv to cultivate in artificial media mi roorganisms which have be 
come adapted to fe within the host The problem posed by D sopo ind his 
associates in 1951 (2), therefore, although of recognized clinical importance, 
ollers a special chatlieng and stimulus to those interested in the metabolic ac 
tivities of micre 

ducted during the past live LD)’ Ksopo and his 

aemoti trated that tubercle bacilli pre ent in closed necro 

esions altel mg-term chemotherapy nh most instances cannot be cultivated 

in vitro by standard microbiologic techniques. This observation was confirmed 

by others (4), who vise used conventional cultural methods, and by Steenken 

ind Wolinsky ) vho utilized more varied and specialized procedures for the 

purpose The co s0n Was reached that these organisms behave a if they 
ire dead 

The question has b raised, however, whether or not the techniques used 

re adequate to prove conclusively the nonviability of microorganism {) 
In recent vears, Dubos, Hirsch, and their associates (7-20), Canetti (21), and 
others Zaz ha ! sented evidence to uggest that certain physicochemical 
factors within necrotic tuberculous lesions may be such as to suppress the met 


abot processes Ol hacilli iVink therein Low oxygen tension th 
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the closed cn y and at times may render tubercle bacilli noninfectious and 
nonceulturable. Various organic materials, furthermore, accumulate in and around 
the tuberculous lesion as a result of the anaerobic metabolism of the inflamma 
tory and perhap i result also of the activity of certain lipo vtice enzymes 
released during necro (Certain of these substances, « y.. lactic ae d and Lianne, 
are capable of enhancing the toxic effects of anaerobiosis upor VW ycobactertum 
luberculosi ly vdditior the presence Of certain tatty acids in tissue and in 
necrotic material may suppress the metabolic activities of these microorganisms 
in vivo, While aging of microbial cells undoubtedly occurs in “‘closed”’ lesions and 
is associated with depletion of substances known to be essential for initiation 
of cellular multiplication im vitro. Lastly, four groups of basic compounds pos 
sessing antimvcobacterial activity must be considered in this regard the 


basic proteins, protamine and histones which occur in ll nuclei and are 


liberated from their union with nucleic acid as a result of necrosis ivVsozvVme 
an enzyme which is present in large quantity in leukocytes and which is known 
to accumulate in areas of inflammation; (3) spermine and spermidine, substances 
which occur in large amount in certain tissues and which, when activated by an 
enzyme, e.g., spermine oxidase, also present in certain tissues, are capable of 
inhibiting multiplication of even large inocula of tubercle bacilli; and (4) a basi 
polypeptide isolated from the thymus gland 
here have been frequent descriptions, however, that certain inhibitory ef 
fects on cellular metabolism can be completely reversed in favorable circum 
stances. For example the a vitro inhibitory properties of tatty ac ids upon 
tubercle bacilli may be “neutralized”’ by adsorption onto albumin; the inhibitory 
effects of lactic acid may be reversed by change of pH and oxygen tension; and 
the suppressive action of organi acids may be reversed by addition of certain 
of the keto acids. The universal nature of this phenomenon and the remarkable 
ability of microorganisms to adapt themselves to adverse environmental condi 
tions are emphasized by the recent observations of Heinmets, Taylor, and Leh 
man (23 These investigators have demonstrated the presence of viable cells 
In suspensions of a stram ol Escherichia coli which have been sterilized by the 
action of heat, chlorine, Ze phiran” chloride, and ethy! alcohol, when such suspen 
sions are incubated with various metabolites of the tricarboxylic acid cycle 
In vivo, the persistence of the spirochete of syphilis, the virus of herpes simplex, 
or the rickettsia of Brill-Zinsser’s disease for long pe riods of latency within the 
host, with the ultimate long-delayed development of clinical disease in persons 
harboring these potentially infectious agents, may be accepted as suggestive 
evidence that they may revive under appropriats conditions More concise 
information in this regard is offered, however by the observations of Fildes 
24). As early as 1927, in a study of the relation of germination of toxin-free 
tetanus spores to necrosis he noted that a) a spore lving free in a necroti 
once breaks into active vegetation, while another spore Ving tree ina 


non-necrotic area remains in a totally passive condition; and (+) the oxygen 


tension mav fall to zero in those necrotic areas where germination of spores 


occurs. while there i positive tension of oxygen in the tissues in which get 
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mination tail tnalogous situation may well exist tor tubercte bacili 
which | withil I necrotic lesions, and the development ol overt pul 
monary tuberculosis ib persons whose disease has been arrested for periods ol 

‘ ten, or even filteen vears would lend support to this SUpPpPoOsITIO! 

Phus, it vithin reason to assume that adapt ( changes in the enzyme 
mechanisms within tuberel bacilli may take place n wo, allowing for their 
surviva vithin the host put preventing thei subsequent mul tiplication either 

n rou an appropriate reversal mechanism has been Imposed 
Furthermore, if t e bacilli do continue to exist in ‘“‘closed’”’ caseous lesions 
In metabotica ppressed state changes im othe pathologi nature of the 
lesion (25) and thu mh the physicochemical environment of the bacteria cor 
cenvably could an reversal ol those Processes responsible lor 
suppression of cellular metabolism. Likewise, alteration in the environment of 
such microorganisms Dy removal to an appropriate in iro sits might permit 
them to revive and again multiply 

The present study was undertaken in an attempt to answel! the fundamental 
question: If a tuberculous lesion contains acid-fast bacilli which are visible on 
microscopy but no organisms can be recovered by conventional cultivation or 
artificial media or by guinea pig inoculation, is one justified in concluding that 
the organisms are dead? Nicrobiologi observations on cultures of resected 
tuberculous lesions from patients who had had extensive chemotherapy and 
who had been noninfectious’ for several months will be reported Throughout 


this study i microbiciogs4 technique designed to neutralize certam of the in 


hibitory agents present in necrotic tissue and to “dilute out” other potentially 


Loxic components has used 


MATERIALS AND METHOD> 
Source of Pulmonary Lesion 


\ total of 85 necrotic lesions from 40 patients have been cultured to date 
These have neluded filled-in cavities, small necrotic foci which had never tique 
hed, and open cavities W th healing ‘Due to the long observation period needed 
for evaluation of results, only 31 lesions from the first 19 patients studied are 
discussed in the present report 


Kleven of the 19 patients from whom lesions were obtained were “original 


treatment cases in which the preoperative course ol chemotherapy represented 


the patients fi to specity antimicrobial therapy Four of the 19 


s used throughout this report when tubercle bacilli 


onal cultural technique s from sputun 


rm nonintectious 
onge! 
washings (26 
transformation of the cavit 
ve tissue wit complet of specific tuberculous elements bronchus oper 
into these cay ! t re-epithelized nd shows a complet oss of specific tuber 


culous eler 
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patients were itment”’ cases, having had previous courses of antimicrobial 


therapy terminat 


three to twenty-one months prior to institution of the pre- 


operative course of chemotherapy. The remaining 4 patients were 


control” 
CASCS of whom had received either no, or essentially no, chemotherapy pre 
operatively, while 2 had patent open cavities at the time of resection 

Che details of each patient's illness with respect to duration of chemothe rapy, 


drug regimen used, and status of infectiousness at the time of surgery are de 


scribed in table 1. In addition, detailed case reports and a discussion of the 


chinico pathologi observations made in relation to this study 


a recent publication by Auerbach and his associates (27 


are pre ~f nted in 


Vicroln Technique 
Four basic differences exist between the microbiologic technique utilized 


herein and the techr jues which have been described pre\ ously 


1. It is a we known fact that tubercle bacilli may be maintained in a viable 


state lor long perio f time when frozen. Thus 
diately after “7 


all specimens were frozen wnme 
ge nd were not thawed until immediately prior to dissection 
and cultivation of the 


2. As saline as we us distilled water are known to be deleterious té 


bacteria, the tiss vas blended 


many 
ind homogenized in a balanced liquid mediun 


containing fliment quantity of albumin to permit 


neutralization of certain 
of the toxic components of the necrotic material 
In ore to ta tate neutralization of the components of the necroti 


material mMog ite was centriiuged and the sedimented fraction washed 


three tine santilies of the albumin-containing mediun 
+ All cultures w incubated for nine months at 37° ina medium which does 
not deleniorate under ich conditions 


The method ut ed throughout this study may be described in detail 
lows 


as fol 


Lach specimen ¥ ed 


asepticall it the time of surger immedi 


i deep-freeze retrigerator il sterile closed glass container ind subsequent! thawed at 


65°C. during a period of to fifteen hours immediately prior to dissection 


The lesions were | ected the pathologist the presence ol the clinician and bas 


tenologiat, care tx " ke not to contaminate one lesion with material from another 
Specimens wer dl t this stage and during all subsequent cultura! operations with 
e as 


pti m } ' technique in a closed sterile area Separat sterile gloves 


it negative pressure of approximately one-fourth inch of 


th sterile ir by means of a doubl ink olf disposable Air Mat 


tured by the Airgard Manufacturing Co., Chicago, Illinois 
of a blower and the ! D 1 over 
other doul rs described 
two types of traviolet for sterilizati« of the 
Ultraviolet re operating withur | i Access t 
gained | the uae ! wk which is similar! rveres th types of ultraviolet 
lighting. During the act handling of specimens or microbiologic cultures, all ultraviolet 
ights have been turne fT order to avoid possible death of tubercle bacilli which might 
exposed direct! 


ate frozen in 
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were used ecime! ind separate instruments were 
esion trom eac} 


Lach lesion v n rated with le scissors, and a direct 
mashing a piece ol tf etween two slides. The tissue was then suspended i 


volume of album edium to give a tissue concentration ranging genera 


o 5 per cel 


The medium used throughout the study for all dilutions, washings, and cultures 


Dubos liquid mediun ing 0.5 per cent albumin and 


ween” 80 was not included in the medium except when specifically stated 


he tissue was ble d Waring Blendor, homogenized in a sterile glass Porter Mi 


until a unilorm suspe n was obtained, and the suspension was then centrifuged tor thirt 


minutes in an angl rifuge (1,750 r.p.m Che sediment was washed three times wit 


bumin broth and the residual sediment and supernatant fractions were recovered. The 


three supernatant fractions were pooled brought to an average volume of 50 n 


ilbumir yt ind incubated; the fourth supernatant was incubated s 


sediment w ought to a final volume of 1.1 ml. by addition of albumin | 


ind the resultant sus] vas subdivided as follows: 0.1 ml. of suspension was inoculat 


“ach of 3 screw pped tubes (20 x 125 or 150 mm. in size) containing approximate! 
}.5 ml. of 0.5 per cent albumin medium, 0.1 ml. into each of 3 screw-capped tubes containing 


ipproximately ,.5 ml. of this same medium to which had been 1dded 0.02 per cent Tweet 
80, and 0.1 ml. was in« ted subcutaneously into each of 3 guinea pigs 
Lenath of incubatior id frequency of subculture on solid mediun A// culture ne 


hated { a period of ¢ (to months unless growth of VW. tubercul from a particular 


I t irlier date. Although this long incubation period was used 


lesion is demons 
from the b ng oO , the frequency with which viable tubercle bacilli would 
btained from the liq ultures after more than two or three months of incul 
ippreciated a t, and frequent observations were not made after the ninth 
yeeks of incubatior n order to avoid contamination, culture flasks 
were opened onl | ipl yy five to six, eight to twelve und thirt 
of ineubatior s, however, 0.1 ml. was transferred from each tube 
ilbumin agar plate which was then incubated for twent one 
ind subsequently examined for colonial growth. Fresh sterile broth, compara 
to that originally used for each culture tube, was added if necessary at these time interv 
n order to bring back to volume 
CGjuinea pigs were tuberculin tested at approximate! 
r injection those showing positive tuberculin reac 
ficed at the end of the sixth month for histopathologic 


ls which owe negatiy actions a 


t he 


time period 
nea 
Demonstration 
V ycobhacte ilo the procedure 


is evidence tubercle bacilli within the 


r & Bicknell i midg Vassachusetts 

ition was carried in a partially closed 
ited within the st 1 previously described. The hood is equipped 
ultraviolet (Hi Intensit ind Standard), the | ting down from the to 


hood and up through L-u circular holes in the floor of the hood. These ultraviolet 


re used sterilization of the area just prior to, and immediatel homoge! 


the size of the specimen mada necessa 


stances, the I of cul 
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from the 


thet ind 180 
yrocedure in a liquid ilbumin medium 

on In addition, the ability of 
roduce tuberculous disse is established by reinocula 
» guinea pigs b the intra 
viable cell 


verage $6 milli 
mparison consisted of numbers of 
oust into comparable 


use ulture. The virulen 
tuberculot lisenase observed histopa 
the rate at ise brought 


VWicrobiologic Observation 


lesions from 19 patients are described 


\s mentioned previously, 31 necrotu 
pertaining to eae h patient’s illness 


are summarized in tal 

relation to the present 
communication by Auerbach and his 
a& portion ol the microbiologi 


| 


and the microse opi 


herem. The detai 


l and 2 The clinicopathologi observations made wu 


tudyv are discussed in a 


Concerning 


vhile bret comment 
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findings has heen made recently by Hobby and associates 
tuberculous lesions studied 


necrothy 


The nature of the 
made thereon are presented helow 


ind cultura 
necrotic | 

lor achi-last Oscop 

specimen wecore to the method 
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emaining portion of the sam revealed ible tubercle bac ifter prolonged 
neubation. No growth willl in the subcultures made onto solid mediu ilte 
days neubatiolr nit ible tubercie ba wert olated ene of ilture 
tubes ilte! «ia 

Lesion I The muehed necrotic material trom an msprssated 
cavit showed to i-fast bacill per microscopic held, but revealed no 
tubercle bac either | guinea pig inoculation of al suiquot of the pecimen or i 
prolonged mncubat it of the specimen for a period of 284 d 
or Db noculatiol I tre ea pigs. Cult ition of a portion of the 
eavit Val ri eve evealed the presence of mbie tubercie bac ! ne « ( 
quid culture tube Che pues! the bax was demonstrable after an incubatiol 
period of 66 d though), on culture was obtamed at 45 da 

Lesion 6. ¢ ‘ , ze \ portion of the necrotic contents of an ins] ited 

i t mh the upp obe showed m ichi-tast Dae mucroscoy] yuinen 
pig ioculatior wortion of the or by prolonged incubation (284 d 
the residual port [the 

Lesion 7. ¢ like fo it the base of the me lobe ke ‘ 
ei no ible tulx e baciuh guinea pig moculation or onged iit itil 
cia of portior f the specimen. A few sparse cattered l-fast ba ere 
bserved, howeve croscop 
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pecimen, | eve ell as prolonged cultivation for a period of 284 da ed te 
reveal M. tube n culturable fort 

Lesion 9. \ specimen contaming chalky tor howed no ¢ lence ¢ 
wid-fast ba copy. Guinea pig inoculation of a portion of the sper el 
lnlled to produce t ilous disease, and prolonged incubation of the re portion 
f the les erod ot 284 da ilso failed to reveal the esence of tube ‘ 

Lesion 10. ¢ GG \ single specimen col ting of pus Ire n ins} ited 
en t ind seve necrotic to revealed no tubercle tac 
Cjuinea pig oculated with a portion of the lesion developed extensive tubercul 
nowevel e tubercle bac vere demonstrated quid iiture ol the 
re lual port the lesion alter 62 da neubati Viable ba ere esent i 

thee yuid liture tubes 

Lesion Case Acidi-tast vere edi b CrOSCODYV the 
me otic content ght upper lol napmssated cavit (,uINeA Dig noculates 
vith a portior t! pecimen failed to develop tubercuto (ult ition of the re 

portior the lesion revealed g vth of tubercle bas meuitu 
from one of 40 ilture tubes after an incubation period of 48 days 

Le \ porto ot insioughed sate te nec if on 
showed a fast microscol pig inoculation of a portion of tl 
men t eveal growth of tubercie bac wo, althoug! iit ition of the 
espdiual portr the le nw ifro revealed ible tubercie tac none euliture 
tubes with 
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weording to the methods described. in portions 


ipparent in subcultures made from all cul 


tubercle ) li were recovered on culture 

a) two poo ivities including the capsule 

ce nts 6) the cna wall and iiquehed contents 
lanother 1 ol the lett upper tot lesion 15 ind irom 
two smal ‘ c loc, ¢ 0 Was soit and putt ike (lesion 16 The presence 
iil culture tubes of all specimens Direct mi 

in the first of these three specimens 


mens but not the 


roscoD clean-walied cavit 


lesion IS) lying nieriol ommunicatin 


g with, the previously mentioned 
ivity and wi 0 in contrast, sho 
microscopic 
on microsecoy 
specimens failed to produc berculosis in guinea pigs when aliquots o h were 
niected according to the method described. On cultivation of the residual portions ol 
these four specimens, growth of .V. tuberculosis was detected in subcultures from 2 
S culture tubes inoculated with lesion 17, from 4 of 7 culture tubes inoculated 
lesion 1S, from 4 of 8 culture tubes inoculated with lesion 19, and from one 
ture tubes inoculated th lesion 20. Whereas viable tubercle bacilli were detected 
one culture tube on on 17 within 35 days, in all other instances they were not ap 
parent at Sé da ) \ ipparent alter an incubation period of 155 days 
Lesion 21. Case 1 The central necroti portion of 15mm inspissated ca 
showed acid-fast bacilli on microscopy ; the wall of this cavity failed to show such 
nisms on microscopic examination toth the central necroti portion ofl this 
vity and the cavit vall failed to produce tuberculosis in guinea pigs when inocu 
lated according to e method described. Both portions of the cavity showed 
tuberculosis when cultivated for prolonged periods of time. Two of 8 culture tubes 
inoculated with an aliquot of the central necrotu portion ind 3 of 8 tubes inoculated 
with an aliquot of the ty wall showed growth on subculture at 146 days, althoug! 
not at 66 da 
Lesion 22 ‘ ) rhe wall and central necrotic component of a second 


napimssated « ! woled for bacteriologie stud) Again, acid-fast bacilli were 


detected bv li OscoD Although an iliquot of the specimen failed to produce tuber 


culosis when ino dl into guinea pigs, the presence of M. tuberculosis was demon 
trated in 2 of ct tubes inoculated with the residual portion of the lesion 
(jrowth v ) subcultures made at 146 days, although not at 63 days 

Lesion 23 lwo small pooled necrotic foci showed acid-fast bacilli 
on microscop ough guinea pigs inoculated with a’ portion of the specimen failed 
to develop tubercul i vercle bacilli were apparent in 3 of S culture tubes 
noculated with tl | the Growth was parent on subeul 
tures made at 146 

Lesion 24. Case | wal ‘ i including the wall and 


parenct vu rosco \ led -fast 


| 


~ 
206) HOBBY 

ture tubes after 62 da 

only, while guinea pigs inoculated with portions of the first two speci 
third specimet eve tuberculosis 

Lesion | j The wa ind tissue surrounding clean-walied 
cavit lesion 17 evealied acid-last bac 
bacilli in 
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losis. Cultiy on of the remaiming portion ol the lesion revealed ible tube 


bacilli in 2 of ulture tubes after prolonged incubation. Growth was detected 


subcultures made at 274 davs, but not at 223 days 


Lesion 25. Ca , (L. R.): The central necrotic component of an inspissated cavity 
and the wall of tl ‘ ty were studied separately Acid-fast bacilli were detected on 
microscopy In ( ral necrotic component but not in the cavity wall. Neither 


produced tuberculosis in guinea pigs when nan ulated bv the method described 


} ly 


tivation of the cavit wall fora period of 284 davs revealed no viable tubercle 


4 viable strain of MV. tuberculosis was detected, however, in one of 8 culture tubes in 
oculated with the entral necrotic portion of the lesion after prolonged incubation 


(Growth was apparent in subcultures made at 146, but not at 63 days 


Lesion Cas (L. B \ piece of lung tissue contaiming small 
was snipped for bacteriologic study. Although acid-fast bacilli were detected in thi 
noculation 


specimen r\ wero p growtl ol V tuberculosis was not detected 


ol portions of the sp men into guinea pigs OT by prolonged cult itiol 265 days 
of the remainder ! specimen 


Lesion 27. Ca A bunch of small necrotx partially cak lon 


Daciil 


no evidence of acid-fast by microscopy, but did show the presence of M 
ition of a portion of the specimen for only 35 da (;srowth 
7 culture tubes at this time period. Guinea pigs 
portion of the lesion fail ) elop tuberculos 
A 5- by 7- mm. minimal but entire necrotic lesion 
Resection had been performed clue to question of carcinoma 
On microsco] i few sparsely scattered bundles of acid-fast bacilli were detected in 
the lesion. Ino« tion of a portion of the lesion into guinea pigs produced extensive 
tuberculosis ‘ the presence ol VM. tuberculosis was detected 
in all culture tubes inoculated with the residual portion of the lesion 
Lesion 29 t Vall and 


microtnok 


n the specimen. Inoculatior 


sease. while cult 
tubes within 49 « 
A cavit 
stud 
ition of gui po 
in these anin ition 
tubercle bac na tu tubes after 
Lesion 31 Le singl 
found and 
lesions soever, Ni d-fast ba 
portion of tl guinea pigs produced exten 


iit ition ol lesion wed g 


cultures made frot culture tube ifter an imcubation perw 


As illustrated in table 2 and as indicated also by the data presented above 
iable tubercle bac! vere recovered from 25 of 31 lesions, or from 15 of 19 
patients In contrast i id fast bacilli were detected on microscopy, 


of the 31 lesions. It is of interest that only 3 lesions showed acid-fast 


on microscopic examination of the specimen which could not be cu 
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contrast, growth of VW 
vhich acid-fast b 


villi had not 
Ct the vhich 


howed 


fubere 
culture method 


“uo Were 
idence ot suc h 


required only 83 days 


isolated by the 
i only after more than 
63 davs. Of the one mecubation mn liquid medium 
one required more than 223 days; the re 


read day ind 
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W here t he ! j ‘ j has bee used throughout this table and throughout 
ernibing the patients hom theme esions were ob 
tai | } lin the section on Materials 1 Methods, culture flash 
i i inces. The tert culture used heres 
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thy f ilo \ 
ry 
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maining 5 required between 63 and 146 or 155 davs. Maternal from a single 
lesion, although vielding viable tubercle bacilli in a single culture tube incubated 


ant tli eou ad 


than 83 days’ incubation before viable 
els were dete ted in all 


35 davs required more 
a second culture tube. Whereas viable « 


demonstrated in 
the 16 C SLOTS whi h showed Viable tuly rele 


culture tubes moculated with 10 of 


bacilh after an incubation period of 63 davs or less growth was observed on 


\ fraction of the tubes moculated with each of 


subcultures from only a small 
neubatior Keight ol the lestons 


the 9 lesions requiring more prolonged ! 
vhich viable tubercie tac i were deter ted prolonged of time 


had shown i on direct microscopic examination of the lesion 
only 11 of the 16 lesi which showed iable tubercle baci ifter shorter 


on direct MICTOSCOpyY table 


pe riods of time had show acid-fast 


Infectivity of resected e jor quinea pigs miv 10 of the 25 lesion hich 


tural methods used were ¢ pate ol 


lO) ile 


showed growth of e 


ation into pigs Lhe 


vhich showed viable 


producing tubers direct imocu 


completely vith the mentioned above 
ted, within an incubation period of 63 days. Thus, it appears 


in al! tubes inocu 


that onlv those lesio vhich contained organisms « ipable ol multipiving re wily 
n miro under the conditions used were capable ol producing tuberculosis in 
guinea pigs ol direct tmoculatior Since 3 of these 10 lesions showed no acid 


the ability of the organisms to grow 
} 


fast bacilli on direct micros ops 
animals mav be related more to the metal 


and to produce 


of the microorganisms than to the actual numbers present 

Infectivity of Wei red microorganisms for quinea pig It should be empha 
ized however subculture all strains of tubercle bactil recovered the 
present studv which have been tested to date have been observed to be highly 
pathogenic for guinea pigs. In like manner all are highly susceptible to 0.1 
of medium, while only one of the strains recovered 


isoniazid per 
streptomycin per ml. of medium 


from these lesion equires more that y ol 


for inhibition 


f Vicrohio rvations in heelation to Clinico pathotlog kacto 


j 
lnalysis o 


As may be seen from the foregoing data and from tables | and 2, viable tuberel 
ered trom 7 of 11 “original treatment’’ cases, or from 15 of the 


were reco 
Str: is oO V luberculosi were reco ered 


20 lesions from them. Likewise, viable 


me 


sined pre 
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lice state 

Attention is ‘ t he fact that growth of W. tube ght ‘ } ‘ eV! 
observed it ibeultu higher peres tage of culture tule | ! 1 beer cul ted 
{fo i longer peniod e. Cultures of a esions f ling to show the presence of WV he 
‘ vere obese ‘ eriod of nine months. Howeve culture tubes esi ho 
ing the presences | } ganisn vere held on! unt definite « dene eto 
prove that the tained e tubercle tac vhich ¢ j ‘ ed 

ire” t tole 

Whereas wi ve ered in s« ‘ when cult ted iy 
either the albun I Dumin mediul such organism equent ere re ered 
in the mm) iu hen they failed to grow in the presence of Tween” 80 

All examined " t le twent 
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from 4 of the 4 “re-treatment’”’ cases, or from 6 of the 6 lesions from such cases, 
and from all 4 lesions from 4 ‘“‘control” patients. Growth of M. tuberculosis was 
demonstrated frequently by the method used in this study from ‘“‘original’”’ 
and from ‘‘re-treatment”’ cases; it was demonstrated as frequently from patients 
who had had eight to twelve months as from those who had had only four to 
eight months of preoperative chemotherapy. In like manner, the frequency with 
which viable tubercle bacilli were detected in the resected Jesions of patients 
who had been noninfectious for as long as three to twelve months preoperatively 
was as high as the frequency with which strains of M. tuberculosis were cultivated 
from lesions resected after shorter periods of noninfectiousness. 

Che majority of patients from whom lesions were obtained for this study had 
received streptomycin twice weekly in combination with para-aminosalicyli 
wid daily. None had received daily streptomycin during the preoperative 
period, while only 5 had received daily isoniazid preoperatively. Mycobacterium 
luberculosi Vas cult ited from 14 of 19 lesions from patients who received 
twice weekly streptomycin with daily para-aminosalicylic acid, or from 6 of 10 
patients. Strains of .W. tuberculosis were grown also from 7 of 8 lesions removed 
from 5 patients who had received isoniazid daily (in conjunction with para 
aminosalicylic acid daily or twice-weekly streptomycin) during the preoperative 
period, or from all 5 of these patients 

Analysi ot the pathologie observations on the closed or healed lesions 
discussed in this report has indicated that growth of .V. tuberculosis was demon 
trated on culti n of tissue by the method described herein from 12 of 17 
Insp! sated cavity Irom single open cavity with morphologic evidence of 
healing, and from 8 of 9 nonliquefied necrotic lesions. In 3 instances, the wall 
und central necrotic component of an inspissated cavity were cultured separately; 
viable tubercle ba vere recovered from the wall of the first one, from the 
central necrotic zone of the second one, and from both portions ol the third such 

vity. Based on these data, it does not appear possible to correlate the presence 
of viable tubercle bacilli with any specific type of “closed” or healed lesion, nor 


pecihea lv with either portion of an inspissated cavity 


Although the number of lesions cultured in the present study from “control 


patients who either had had no, or essentially no, chemotherapy preoperatively 
or had patent open cavities at the time of resection was small, nonetheless, 
growth of VW. tuberculo vas readily demonstrated in all instances, e.g., from 4 
lesions from 4 patients. This is in agreement with the observations of D’Esopo 
and his associates (2, 3), who have observed that viable tubercle bacilli may be 
demonstrated readily by conventional techniques in lesions from such patients 

It is of special interest that 15 of the 16 lesions which yielded Mycobacterium 
tuberculosis after an incubation period of 63 days or less were from “original 
treatment” cases or control” cases. Only one (Case 15, L.B was Irom a “re 
treatment” patient who had had 6.5 months of preoperative chemotherapy 
isoniazid in conjunction with para-aminosalicylic acid) and had been non 
infectious for a period of 4.5 (on microscopy) to 5.5 (on culture) months pre 


operati ely 
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In contrast, 5 of 9 lesions, cultures of which required an incubation period 


of more than 63 days for demonstration of viable cells, were ones from re 
treatment” cases. One of the remaining 4 was from a patient (Case 3, KE. C 
who had received 4.5 months of streptomycin and para-aminosalicylic acid 
preoperatively and had been noninfectious for a period of 5.5 months prior 
to resection. The remaining 3 were from a single patient (Case 11, A. J.) who had 
received 11 months of streptomycin and para-aminosalicylic acid preoperatively 


and had been noninfectious for a period of more than 5 months prior to surgery 


DISCUSSION 


The significance of the mi robiologic results reported herein is cde pend nt im 


part upon the nature of the lesions studied. It has been recognized throughout 


that tubercle bacilli from open cavities generally may be cultivated in vitro 


with little or no difficulty. The observations of 1)’ Ksopo and his associates (3 


have been confined to those residual lesions resected from patients meeting 


target point”’ criteria, as defined by them, namely, closure of all cavities, a 


consistently noninfectious status for “several”? months, and roentgenographi 


stability. The importance of cavity closure has been emphasized by D’Esopo, 


who has stated that “the only real correlation between nonviability and the 
lesions is closure of the cavities,’’ and that morphologic evidence must take 
precedence ovel roentgenographic evidence of cavity closure b 


It became apparent early in the course of the present study that, while the 


definition of “‘target point” lesions might appear accurate and concise, in prac 
tice it was vague and indefinite. Tomographic interpretations of “extensive 


honey-combing” or of “probable multiple small excavations’’ proved fre 


quently, on thorough examination of the resected specimens, to consist of areas 


ol pulmonary fibrosis and small encapsulated caseous or caleihie toc Further 


more, the significance of continued infectiousness, as evidenced by microscopy, 


after cultures had ceased to yield tubercle bacilli is not taken into consideration 


in stating the criteria for “‘target point” lesions. In addition, no evidence is 


available to indicate how long a patient must be noninfectious during the pre 


operative period in ordet to comply with target point * criteria 


For the purpose of the present study, cavity closure was determined by 


evaluation not only of preoperative laminagrams but roentgenograms 


of the inflated freshly resected specimen and by careful morphologic examina 


tion, and cavity closure or healing served as the primary basis for differentiation 


of lesions 

Microbiologi observations on tuberculous lesions from 19 patients have been 
described in the present report Kleven of these 19 patient were original 
treatment” cases, 5 of whom metall “target point”’ criteria as defined by D’ Ksopo 
and associates (3). Three of these 11 patients met “‘target point” criteria with the 


exception that mi roscopy although not the repeated cultures obtained ug 


gested an infectious status until one to two months prio! to resectiolr | wo ol 


lesions 


the remaining 3 patients in the group met the criteria for ‘“‘target point 


in all respects except that each showed evidence of infectiousness, by rtue ol 
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the demor lol ig vth of tubercle bacilli in one isolated specimen four to 
six weeks pr after having been noninfectious for a period of 
several months previously last patient in the series had had eleven months 
of preoperative chemotherapy and had been noninfectious, as evidenced by 
microscopy and also by cultural studies, for more than five months preopera 
In this patient only one small necrotic focus was attached to the inne 
vhich otherwise contained no specific evidence of the tuberculous 

process; peripheral to the cavity wall were small encapsulated necrotic foci 
Four of the 19 patients studied were “re-treatment”’ patients who had had 
previou Course ot antimicrobial therapy terminating three to twenty-one 
months prior to institution of the preoperative course of chemotherapy. All 
1 of these patients had received five to ten months or more of chemotherapy 
immediately preoperatively. All were noninfectious for at les three to six 

months preoperatively 

Four of the 19 patient neluded in the study were control” cases. Of these. 
2 had received either 1 r essentially no, chemotherapy preoperatively, while 


2 had patent oper | sat the time of resection. One of the 2 patients with 


open cavities had had twelve months of preoperative chemotherapy and had 


been noninfeetiou is evidenced by cultural studies (although not by micros 
copy for ewht and one-hall months prior to surgery 

went x of the 31 lesions from these 19 patients were classified as ‘closed 
necroti sions on the basis of morphology. As previously indicated, one was 


classified a il 


open lesion with morphologic evidence of healing, while 4 were 
accepted i contro LCSLOLLS 

Pwenty-one of the 27 “closed” necrotic or healed lesions from 11 of 15 patients 
and all control lesions vielded growth of M ywcobactertum tuberculosis by the 
cultural technique <i in this study. Thus, viable tubercle bacilli were re 
covered from approximately 78 per cent of the “‘closed”’ or healed lesions cultured 


during this investigation, or from approximately 73 per cent of the small series 
of patients from whom such lesions were obtained. D’Esopo, in contrast, ob 
served growth of VM. tuberculosis in cultures of only 35 per cent of patients 
from whom lesions were obtained after preoperative treatment with twice 
weekly streptomycin and para-aminosalicylic acid 

Lhe IML Pression has Deen gained that 1) Ksopo and his associates may tre 
quently have used treatment periods in excess of eight and possibly in excess of 
twelve months. The statement has been made by them, however, that the pa 
tients whom they e selected for resection were mostly ones who had been 
treated vith an arbitrary minimum period of four months of preoperative 
chemotherapy It s been pointed out, furthermore, by these investigators 
that the frequency with which viable tubercle bacilli may be demonstrated in 
lesions trom patients vho have had prolonged chemotherapy is lower in those 
who receive daily thar n those who receive twice-weekly streptomycin 3 
All patients deseribed in the present report received more than four months of 
chemotherapy; a number received more than eight months, although none re 


ceived more than twe e months of chemotherapy None of the patients in the 
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present series rece ed streptomycin on a daily basis dur ng the preoperat 


period 
From the data presented it is apparent that, with improved cultural techniques, 


the frequency with which viable strains of .W. tuberculosis may be recovered 


irom closed”’ or healed pulmonary lesions 1s signihecantiv ine reased Lhe ong 


preliminary incubation period in liquid medium required to demonstrate growth 
from certain of the lesions « mphasize s the low metabolic state 


e within the host. One would initicipate 


ol the organisms 
in Which they presumably might sur 
that, even if the number of bacilli were small, actively metabolizing microbial 


cells would muit ply sufi ently within incubation riod ol rine VeekK ma 


presumably optimal medium to permit detection of such growth. No evidence 


er, to prove i, in the present study, growth of tubercle bacilli 


is available howe 
er occurred in the liquid medium used. Even after removal from thei 


suppressive influences, the organisms appeal 


ey fi 
environment with arious 


many instances to continue in a suppressed state. Actual multiplication may 


Iter transter of nonmultiplying surviving 


well have resulted oniv al iis to an 


appropriate solid medium at the opportune time. There is little reason to sup 


iong mecubatior period 


pose from the observations presented herein that the 
necessary before growth became apparent was due only to an unusually 
generation time. One cannot help but wonder if the situation may not be 


ogous to a stage ol dormancy 
rhe possibility that the viable cells detected in only a portion of the 
specimens, and then only after prolonged 


culture 


tubes inoculated with certain of the 


incubation might be due to contamination with VW. fuberculosis cannot be 


overlooked. The care taken to maintain sterile precautions throughout the study 
and to reduce to a minimum the possibility of contamination has been discussed 


in the foregoing report. Bacterial contamination with nonacid-fast bacteria 


occurred in only 2 of more than 500 culture tubes (or flasks) utilized in the 


present study during the past twelve months. Whereas mold contamination 


resulted somewhat more frequently the incidence w: less than | per cent It 
seems unlikely that contamination with virulent tuberel 


vith whi h growth ot this species ol microorganism has 


could account 


for the high incidence 
been observed in cultures of lesions Irom patients with pulmonary tuberculosis 


The data presented herein suggest that tubercle bacilli may remain lable 


in apparently closed necrotic or healed lesions and that the viability of these 
tudied 


organisms can be demonstrated in many instances. The particular lesions 


were all derived from patients who had been receiving extensive chemothe rapy 


on regimens widely employed today. Although the number of cells surviving 


within the fibrocaseous areas may indeed be few, in some instances at least, it 


has not occurred. Further 


Is apparent that sterilization of the lesions appare ntly 
available to prove that streptomyven ind isoniazid may 


more, although data are 
ullable vith 


aseous tuberculous lesion no such data are ay 


penetrate into ¢ 
lic acid. In addition, there | dence vhich 


respect to para-amirne 
sngiyvy or in combination 


indicates whether or n inv of these agents, either 


are capable of exert ntimicrobial eff under the conditions prevalent 
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is likely that one or another of them may be totally 
nts against microorganisms existing in such an 


vhich conceivably may act to 


prevent sterilization of 
a recent review by Me Dermott 
ree possible explanations lor the phenomenon 


e Deen discussed in 


the more drug-resist 
of the parasites are so 


imicrobial drug 


subsisting at such a 


uughout chemother that 

¢ ug 

Although t! ' ot M. tuberculosi isolated im the pres nt study are highly 

usceptible ‘ ntimicrobial activity of streptomycin and isoniazid. 
ret neo pointed out by Vie Dermott that such susceptibility 


tuation with respect to the se organisms when in @& Ime 
te within the host 
designate physiologi susceptibility he states 
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1 completely relapse 
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It is conceivable that future studies may indicate that certain chemotherapeu 
tic regimens may be more effective than others in sterilizing tuberculous pul 
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drug or combination of 
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ou cicatrisées chez ces 15 malades, c’est-A-dire chez 11 d’entre eux. Bien qu'une incubation 


prolongée fu necessaire pour déceler des bacilles de Koch viables dans les lésions 


malades « 1 a rent subi des sénes répétées de traitements chimiothérapiques < 


dadans i nt ¢ i etraitement tucune corrélation ne fut observée entre 


durée du t L el miotherapique preoperatoire ou ta periods non imnfectreuse ce 
phase preoperato t la fréquence avec laquelle il fut possible de découvrir des bacilles ce 
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On a nt p it ) en préparan ultures 

partir bit malades servant « chez lesque is aucune chimio 
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De « i \ que les bacilles de la tuberculose peuvent survivre dans les 
lésions pulmor il ( ques tant cicatrisees que semicicatrisees, meme apres une longue 
période de chimiot rapl et que, dans beaucoup de cas leur \ bilité peut étre démontrée 
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INTRODUCTION 


The value of antimicrobial therapy in tuberculosis is unquestioned. It is also 
generally held that an adequate regimen should include more than one agent 
1). Streptomycin, para-aminosalicylic acid (PAS), and, more recently, isonicotinic 
acid compounds have been given according to various schedules. Initially, 
streptomycin alone was administered intensively for periods of six weeks to 
four months (2, 3). Para-aminosalicylic acid alone was given for varied periods 
of time (4). Thereafter, improved therapeutic effects and laboratory results 
indicating delayed emergence of drug-resistant organisms led to the introduction 
of combined therapy 5). With isonicotinic acid compounds the advantages and 
disadvantages of therapy with a single drug were again demonstrated (6). It has 
now become evident that combinations of streptomycin, PAS, and/or isoniazid 
should be used in most instances. It is also becoming clear that clinical results 
improve as therapy is prolonged. However, the duration of treatment, the tolerance 
of the patient for prolonged therapy, and the long term toxicity of the drugs 
have not been established. In an attempt to evaluate these factors, the following 
group of 52 patients who received prolonged combined antimicrobial therapy is 


reported 
MATERIAL 


The patients were unselected. They represented all patients with pulmonary 
tuberculosis who were being treated with drugs for the first time and who had 
received combinations of antimicrobial agents for more than one year at the 
time of review. The ages of the patients ranged from fourteen to sixty-four 
vears. There were 6 minimal, 37 moderately advanced, and 6 far advanced cases 
of active pulmonary tuberculosis and 3 cases of active predominantly extra 
pulmonary tuberculosis. Treatment was continuous for thirteen to thirty-two 
months and in most instances is still being maintained. As indicated in the 
tables, the therapeutic regimens varied depending on clinical indications, and 
included combinations of the three agents: streptomycin sulfate, sodium para 
aminosalicylic acid (PAS), and isoniazid. With the exception of the patient with 
tuberculous meningitis, to whom daily injections were administered for thirteen 


months, daily streptomycin was not continued longer than five months; usually 


streptomycin was given daily for one to three months, after which interrupted 


therapy two or three times weekly was continued through the period of observa 


From the Division of Pulmonary Diseases, Montefiore Hospital New York; and Monte 
flore Hospital Westchester Division Bedford Hills New York 


19 


PHA) DOONEIEF AND HIT! 


tion. The dosage o azid was usually 4 mg. per kg. of body weight per day 


Sodium PAS was g n in dosages of 12 to 15 gm. daily 


RESULTS 


table 1) that, in the patients with minimal tuberculosis with 
tubercle bacill in the putum at the time treatment was begun, sputum con 
ersion vu ittained within one month. The clinical re sponse and roentgeno 
graphi mprovement were excellent in all patients there have been no relapses, 
and treatment has now continued for periods of fourteen to thirty-two months 
Drug toxicity ) ussed later 


In the 37 case t moderately advanced disease table 2 25 patients had 


cavity demonstrable by roentgenography, 13 had known endobronchial tuber 


culosis, and 36 had had sputum or gastric contents positive for tubercle bacilli 
of the the mmediate pretreatment specimen Was negative The 
microbial drug vere given tor thirteen to thirtv-two months, with a mean of 
twenty and on nth months at the time of review. In 28 of the 31 patients, 
sputum posit i ibercle bacill on culture at the time therapy as instituted 
became negative u per ods ranging trom less than one month to twelve months 
In 3 patients the sputum became negative for tubercle bacilli only after pul 
monary resection. None of the entire group has had clinical or roentgenographi 
relapse, but 7 have had one or more cultures positive for M. tuberculosis eight 
to twenty months after the commencement of treatment. The sputum of 3 of 
these patients again became positive alter drug treatment had been stopped 
excisions of lobes egments vere carried out in 8 patients 

Ot the patient vith far advanced disease (table 3), 5 with definite cavitation 
and all with sputum positive for tubercle bacilli, a howed good therapeuti 
response and the sputum became negative for tubercle bacilli within four months 
In 4, negative cultures persist to date (on continued chemotherapy in 2, cul 
tures positive tor | cle bacilli recurred fourteen and ten months after insti 
tution of therapy. None has shown clinical or roentgenographie evidence of 
relapse. The duration of continuous treatment in this group has been nineteen 
to twenty-nine month 

One case each of tuberculous meningitis, endobronchial tuberculosis without 
active parenchymal disease, and tuberculous pleuritis and pericarditis are in 
cluded in table 1. These patients have been receiving drug therapy for eighteen 


to twentv-six mor th vitl good response if all and he ¢ vidence ol relapse 


Drug l'oru uly 


Drug toxicity has been relatively slight ‘Temporary interruption of treatment 
usually for a day or two, was carried out when PAS caused gastric discomfort 
or diarrhea, but substitution of another drug for PAS was necessary in only 3 
Mmstances In one case streptomycin Was stopped hbecause it appeared fo agygra 
vate a pre-existent psoriasis. All other patients were able to continue treatment 

Che gastrointestinal side-effects of PAS, usually mild, occurred at some time 


or other in many patients who received this drug With persistence ot treatment 
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TABLE 2 


Protoncep Drauc Tuerary or Moperatrety Apvancep PutmMonary TUBERCULOSIS 


Total Number of Cases 
Number with cavit 
Number bronchos« ope a 
Numbx r with endobronchial disease 
Number with sputum or gastric washings positive for M. tuberculosis 
it initiation of therapy 
Number with sputum previously positive for tubercle bacilli but nega 
tive at onset of therap 
Medication 
Number who received streptomycin and PAS alone* 
Numb hange d to atre ptomycin and isoniazid 
Number in whom isoniazid was added 
Number who received streptomycin, PAS, and isoniazid from initia 
tion of ther apy 
Results 
Number of sputum ‘‘conversions’’ on chemotherapy 28 
Number of sputum ‘‘conversions’’ only after resection ; 
Time of “conversion” to negative on chemotherapy 12 months 


Number of bacteriologic relapses r 


* Two patients received PAS alone for three and four months respectively prior to 


combined therapy 


temporary discontinuance of medication, or temporary reduction of dose, the 


symptoms usually disappeared 

Patients who received streptomycin sulfate for long periods sometimes offered 
rather vague complaints on the days they received the drug (twice weekly in 
most instances). These included headache, malaise, a drunk or “hung-over”’ 
feeling, drowsiness, and circumoral paresthesias. Except for the paresthesias, these 
symptoms have not been emphasized by other observers. The present writers are 
observing this syndrome more and more often as treatment is prolonged. Patients 
refer to it as a “strep-y”’ feeling, and usually experience it only on days when they 
receive the drug 

No changes have been observed in renal or hepatic function or in the peripheral 
blood counts. Routine audiometric examinations have not been performed, but 
no gross diminution in he aring has been noted (except in the patient with tuber 
culous meningitis, to whom streptomycin was given daily for thirteen months and 
in whom damage to the eighth nerve by the inflammatory process itself cannot 
be excluded). Vertigo has not been troublesome, although these patients often 
showed loss of response to caloric stimulation when tested. With respect: to 
isoniazid, toxicity has been infrequent. It should be emphasized that the dose of 
isoniazid rarely exceeded 4 mg. per kg. of body weight per day and that the 
period of observation with this drug has been shorter than with streptomycin 
and PAS. During therapy with isoniazid, acneform eruptions have been observed 
in a few patients; they subsided spontaneously. One psychotic episode has oc 


curred in a patient apparently predisposed ; it has not vet been established 
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vhethe \ ! ited to the drug or was comeidental. Central nervous system 
ss marked with isoniazid than with iproniazid, 


hospital 7 


DISCUSSION 


Irequent in all forms of tuberculosis Modified bed rest 
ipplied Prudeau Sanatorium during the years 1927 through 1946, 

more th 27 per 7 patient vith uncomplicated minima puimea 

tubercu opi ( progression of the disease to an advanced 

An ¢ ! vor ore mace th patients ha Ing ad inced disease at the time 
of diagno \pprox mately om third of the patients under treatment at \Monte 
hore Hospita New Yi it some time previously had treatment for their 
tuberculo ! ‘ \ e had collapse therapy, courses of chemo 


therapy \ evivi at pre ented 


predict vhich patient vill 


nographi wna 
irrest ittammed NMitehe 


ol treatmet olitary dense pulmonary locus tuberculoma reports a 


ol disease in 26.1 per cent vhen projected ove! 
le method. Although many patients are well 
’ between exacerbations ong tollow up discloses 


ormal living among patients tre ited by a Know! 
method he Lpse bemg obsel ed in patients treated with antimicrobial 
wents tor relatively hort pe riods of weeks to several months during the vears 
147-1951 \Mloreover, tl vriters are harvesting a disheartening crop of tate 
relapse n patient th resection followed by only short term chemo 
therapy 

the is ind accumulated experience vith this 
diseas i ) ‘ that the time has come to explore very prolonged, 
perhaps | ng th antimicrobial agents in some patients. It is 
re r certa tu tea li have been removed Irom the tubercu oOus 
host when a grossly lobe or segment is excised, since foci not visible 
roentgenographir wiv or paipable at the operating table are otten present in the 
unresected egment tracheobronchial tree lymph nodes or extrathoract 
organ Nor cal compiets sterilization of these sites he issumed following 
irpitrary per od ot drug treatment As a consequence the writers have 
barked on an experimental program of treatment, the duration of which wi 
limited for the time b y v by patient acceptance, drug toxicity, and bac 
terial resistance. surgery and othe procedure are performed is indi 
eated. but drug admu ration is continued indefinitely through the period ol 
in hospita rehabilitation ind bevond The patients return to thei homes, 
ire permitted to resume york schooling ind activity ts gradual \ increased 
to full tolerance as im the st, but drug the rapyv is col tinued. When the regimen 


includes treptoms patient can Usually iught the technique of intra 


these pa 

tient 

titer clinics roentar ntenia of stability have 

been Tulhiied and so n analyzing result 


muscul: it himself; when thi 
nurse sel 

Che prelim \ rvations reported herein on the first 

living and en ge further trial for longer periods in more patient 

of the entire group of o2 patients has vet suffered eli Ww roentgenog! iphr 
relapse while rece ng the drugs. Patients with sim ons who have received 
the same drugs tor ortel periods ot time trequentiv deve oped ocal extensor 
of their disease proce ind or bronchogen. spread ifter drug vel topped 
sometimes promptly ore often after some months. [It should be 

true, a ‘ ! ho receryve chemotherapy for the second 
tion sometimes oc ring during treatment under these condit 
portant therefore oO re emphasize the desirability of not instituting drug 
therapy unless the indicaty ire clear-cut, for once started it is d that 
it should not be discont ued without good reason and that treatment should 


IM ery prolonged perhaps ndefinitely prolonged 


The possible imiting factors to the regime proposed a drug toxicity patie 


wceptance, and bacter resistance. The latter has not sented a problem to 
date, although both and laboratory data over prolonged periods are 
needed. Drug side-effects seen in greater numbers as treatment is prolonged 
but to date, and up to t vears of treatment, they have not been serious in 
comparison vith the risks of the infection itself. The Importance of close observa 
tion should be emphasized and chemotherapy should not be recommended for 
any period unle con tent personnel and adequate fac are available 


long periods has heen satistactorv mu the 


Patient acceptances of all of the drugs for 
present experience willingness to continue treatment for vear 1 
proportion to the physicia conviction that it ary and to his tt 

Phe occurrence ot | rioiogic relapses reappe tity i! 
sputum or gastri { s after their prolonged abs ‘ seen under drug 
treatment no ott patients re ported The de Ol positivity Wa 
duced ndeed ony " nai cultures vie ded Dae Ne erthe Cs this may 
be the forerunner o nical relapse and indicates that the millenium of drug 
sterilization has not | n attained for the tubercle bacillus in vive in these 
patients howe the Zroup as a vhole the preliminary 


better thar vith a | ol therapy for tuberculo 


SUMMARY 


Fiftv-two patient th tuberculosi vho had me 
antituberculous drugs have received combinations 
streptomycn para-a osn vlic acid (PAS und 
from thirteen to ¢hirt vo months. Other therapi 

Che clinica rie ig ographe resuit 
ha occurred 

Pubercle bac | sputum 


drug therapy w ( red 
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In general, drug toxicity was slight and patient tolerance was good, making 
long-term therapy practicable. Attention is directed to a new syndrome of 
streptomycin intoxication 


The guarded long-term prognosis for patients with tuberculosis is discussed 


In view of the difficulty of predicting which patients will remain well, exploration 


of long-term drug treatment of indefinite duration is proposed 

Establishment of optimal duration of therapy will require observation of large 
numbers of patients over periods of years. Further study is needed with special 
reference to patient acceptance, drug effects, relapse rates, and bacterial re- 


sistance 


SUMARIO 
Quimioterapia Prolongada I ndefinidamente para la thberculosia 


Cincuenta y dos tuberculosos que jamds habian sido tratados antes con drogas anti 
tuberculosas han recibido combinaciones de de dos o mds de éstas: estreptomicina, Acido 
para uminosalicilico (PAS) e isoniacida durante periodos de th mpo que variaron de trece 
i treinta y dos meses. Otras terapéuticas fueron aplic idas conforme a las indicaciones 
para ¢ llas 

Los resultados elinicos radiogrdficos han sido excelentes, vy no ha habido recidivas en 
ninguno de los 52 enfermos hasta la fecha de esta comunicacién 

Mientras continuaba la farmacot« rapia, reaparecieron bac ilos tuberculosos en el esputo 
o el contenido géstrico de 6 enfermos 

En general, la toxicidad medicamentosa fué leve y la tolerancia de los pacientes buena 
permitiendo esto administrar tratamiento a largo plazo. LlAmase la atencién sobre un 
nuevo sindrome de intoxicacién estreptomicinica 

Discitese el pronostico reservado a largo plazo para los tuberculosos. Visto lo dificil 
que es predec ir que entermos permaneceran hen, se propone una ¢ xplor A largo plazo 
de la farmacoterapia de duracién indefinida 

El] establecimiento de la duracién 6ptima del tratamiento requerirdé la observacién de 
ar indes nidmeros de enfermos durante afios enteros. Se necesitan estudios ulteriores con 
referencia particular a la aceptacién de enfermos, los efectos de las drogas, las tasas de 


recidivas y la resistencia bacteriana 


RESUMI 
La ch miothérapie indéfiniment prolongeée dana la tuberculose 


( iInquante deux malades atteints de tuberculose et qui n’avaient jamais ¢ té traites par 
les agents antituberculeux ont recu un traitement combiné comprenant deux ou plusieurs de 
ces médicaments: streptomycine, acide para-aminosalicylique (PAS) et isoniazide pendant 
des périodes variant entre treize et trente-deux mois. D’autres traitements ont été appliqués 
selon les indications 

l en résultats linique idiologiques ont été excelle nts, et, a ce jour, aucun des m ilades 
sur cinquante deux sujets ¢ tudiés n'a presente de rechute 

Les bacilles tuberculeux ont fait leur réapparition dans les crachats ou les liquides de 
] ivage gastrique « hez six malades en cours de traitement 

En général, la médication s'est montrée peu toxique et a été bien tolérée par les malades, 
ce qui a permis le traitement de longue durée. Les auteurs attirent l’attention sur un nou 
veau syndrome d’intoxication par la streptomycine 

Le pronosti éloigné réservé en tuberculose est commenté. En raison de la dift ulté 
de prédire (jue leer sce lui des malades dont la guérison se mantic ndr 1; une exploration des 
cures A long terme, de durée indéfinie est suggérée 


PROLONGED DRUG THERAPY FOR TUBERCULOSIS 


La détermination de la durée optima de la thérapie réclame l’observation d'un grand 
nombre de malades pendant des années. I] est nécessaire de poursuivre les recherches 
surtout en ce qui concerne |’acceptation de ce traitement par les malades, l’action des 


drogues, le taux de rechute et la résistance bactérienne 


Adds ndum 


The 52 patients who are the subject of this re port have now been followed on chemothe rapy 
for periods of thirteen to thirty-eight months: 22 of them for thirteen to twenty-four 
months, 28 for twenty-five to thirty-six months, one for thirty-seven months, and one for 
thirty-eight months. The mean duration of chemotherapy in the series to this 
date is twenty-five and four-tenths months. Significant drug toxicity other than that dis 
cussed above has not deve loped and it has not been necessary to discontinue treatment 


because of side effects lapse or spread of disease has not yet occurred in any of the group 
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THE COURSE OF PULMONARY TUBERCULOSIS DURING LONG 
TERM SINGLE-DRUG (ISONIAZID) THERAPY’ 


DEUSCHLI LOUISE ORMOND,* DuMONT ELMENDORF, Jr.,* 
CARL MUSCHENHEIM » WALSH McDERMOTI 


With the technical assistance of Kurt Stern 


INTRODUCTION 


In the early ofl oniazid, it was shown that the drug exerted Impressive 
antituberculous a¢ yin humans with pulmonary, miliary, or meningeal tuber 
culosis (1, 2, 3, 4, 5, 6, 7). It was also shown that isoniazid-resistant tubercl 
bacill could be isolated th ease from tuberculous patients whether or not they 
had ever been treated th the drug (8). Following these initial demonstrations 
two principal questions remained unanswered: the degree of antimicrobial ac 
tivity of tsontiazid compared with that of other antituberculous drugs and the 
total length of the period during which isoniazid would remain effective in an 
individual patient 

Information on the f these questions was provided by three types of 
study. In miliary-meninge forms of tuberculosis, it was shown by the present 


that relapse did not occur during isoniazid therapy nor did meningitis 


vriters 


its first appearance once isoniazid therapy was started (7). Although the 


make 
last-named ph nomenotr might be merely a reflection of the extent of distribu 
tion of the isoniazid (3), it could equally as well represent a greater degree of 
wtivity of the di ig Forty studies conducted unde the auspices ol the 
United States Public Health Service in a large group of patients with pulmonary 


tuberculosis howe iazid Vas equal to streptomycin PAS in thera 


peutic effect ' inally, studies in the present laboratory by means of 


i precise que for enumeration of W. tuberculosis within tis 
populations of tubercle bacil vithin the lungs or the 
sed to a much greater extent by the administration 


streptomycin alone or streptomycin PAS adminis 
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tered together studies vhich reported elsewhere 
have already n pu shed in summary form (11 

It seemed retore that, at least during the drug ad 
ministration ulous act soniazid w: to that exerted 


by streptomyc! PAS. Moreover n the tw situations which permitted the most 


satisiactory quantitative compariso! ! miliary tuberculos uid the 
mouse populatiol tude laZzIG W superior to streptomys 
streptomyci PAS 

After these initial demonstrations the second question, Le., the 
isoniazid effectiver in individual patient, remained to be consideres 
this question is by no means universal agreement among the 
groups ors who were ¢ iluating iwoniazid. Some Investigators 


14, 16, 17-24, 26, 27, 29, 30, 306) were impressed by the ease with which isoniazid 


resistant strains of tubercle bacilli could be isolated from patients during therapy 


Chevy either re ported | 7, 19, 20, 22, 306) o1 predi ted (13, 15. 16. 26, 27 cor 
relation between such discharge of drug-resistant bacilli and an unfa 
course of pulmonar) berculosis during isoniazid therapy. It was concluded 
therefore, that the total duration of the period ol general effectiveness of iso 
niazid when used alone was short; in some series (14, 19, 20, 22, 30b) possibly a 
short as two or three months in an appreciable percentage of treated patient 
As a consequence t was strongly recommended that isoniazid should never be 
administered alone Vays In conjunction with streptomycin or some other 


antituberculous drug , 2, 24-30). The prevalence of this opinion became 


sO widespread that vy studies have been conducted on the long-term use 


of isoniazid alone in patients with pulmonary tuberculosi 

Belief that isoniazid usually had only short-term usefulness was not shared 
howe by al gyro nvestigators \t least vO groups the SPHS 
investigators and the ! it writers, were sufficiently Impressed vith the accu 
mulating evidence to the contrary to continue studies with tsontazid alone while 
conceding that multiple therapy might eventually be proved to be of even 
greater 4. Ya lhree sorts of observations wer responsible lor 


this conclusion 


nstance 


therap 


ounterpa 


suscept 


—— 
First was the fact that no mmm of relapse of n iry tuberculosis was observed 
luring prolonge (7). Tl vas in distinct contrast to the previou 
experience wit trept second t ws reported wu Ma 1) that 
the probien gril nee ol onimzi-re tant tubercte tae vas 1 or 
complicated tl won the case wit! treptor n. The principal basis for 
belief were the facts: t t iwoniazid-resistant tubercle ba inlike the treptomvel 
ts, nite ologie changes in addition to those airect related to drug 
iit ! t it onimzui-re “tant tutbercie trac tx olated vitl 
ense il t w vhether not he had rece ei 
It seemerd t that if wou nec levelor ore recpse 
juantitative ilt jues than tl t emploved m order to estal 
ahi the on irre j tier tiv iv t tiv irlig-re tant 
tate } } ve n ter of drug effectivene kina rn the 
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week USPHS studies in pulmonary tuberculosis, the incidence of disease progres 
not significantly different among three groups of patients 

f the three regimens of isoniazid alone, isoniazid-strepto 

Ya, Ot If isoniazid had only short-term effectiveness 
mont riod should have vielded appreciably 


unless the short-term action 


nterpretation of the evidence concerning isoniazid, 
the present i ruts mtinued to use isoniazid as the sol chemotherapy in 
a consecutively observed s ies OF patients W th pulmonary tuberculosis whose 
treatment was started during the period from November, 1951, through August, 
1952. Because of the paucity of observations on the long-term use ol isoniazid 
alone, the course and outcome of the pulmonary tubers ‘ n this group ol 


patients torm the basis of the present report 


MATERIALS AND METHODS 
1 ype of tubercul m {toentgenogr aphi sbnorm 
tuberculous lesions were present in the chest films of 


patients the pulmonary lesions at the start of therapy were designated far advar 


moderately advanced b the 1950 classification of the National Tuberculosis Associatior 


Previous chemotherapy: Twenty-five of the 47 patients had never received streptomycin 
ind an additional 13 had received none within three months of the start of isoniazid. The 
other 9 patients had received various amounts of streptomycin, but for the most part had 
been treated for only four to six weeks when it was discontinued at the time isoniazid 
was started. Three patients in the total series received, during the first four weeks of 
isoniazid therap i thiosemicarbazone (32) subsequently shown to have little, if any, 
activity. 

Weasurement ¢ ventgenog aphie changes Serial roentgenograms were interpreted 
periodically M anges were recorded using the customary categories of marked improve 
ment, moderates mp ‘ ent ght mprovement no change ind worse 

For the purposes of the present report these categories have been reduced to three 
subatantia mprovement (marked or moderate no siqnificant mproveme nt (slight improve 
ment or no change ind worse 

Vicroliologic at V ther is was cultured from sputum or gastric washings of 
ull but 4 of the 47 t ts. In the 4 patients with sterile cultures, microscopic examination 
of stained smears of sputum revealed acid-fast bacilli at the time antimicrobial therapy was 
started or when cultures positive for MW. tuberculosis had been obtained at some time prior 
to the use of montagid 

After the start of t specimens tor eulture were obtained from ill patients it 
ipproximately four-week tervals. In addition, during two separated weeks in June, 1953 
ind the first week in November, 1953, sputum and gastric washings from all patients were 
stained for acid-fast beac und eultured for tuherculos 

lsonia f n wire Determinations of isoniazid susceptibility n wilro 
were conducted in liquid medium (Tween”-albumin) after primary isolation on solid 
medium (oleic-albumin-penicillin or Petragnani The techniques used are described in 
detail in another report from this laboratory 3) 

General management: All patients were hospital inpatients who were kept on bed rest 
with some individual modifications such as the allowance of bathroom privileges 

Isoniazid regimen: leoniazid® was administered in a total daily dosage of 5 mg. per 


kg bod weight giver orall mn wo equally divided doses 


Crenerous! supplied Nvdragzid b R Squibb & Sons Division: Mathieson Chemi 
il ompar New Yor 


2300) SC 
fort 
son 
fe 
er es t with streptomycin-PAS 
,ere ente lewret 
sitients. Ik but 3 of the 47 
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OBSERVATIONS 


Forty-seven patients with pulmonary tuberculosis, moderately advanced on 


far advanced in extent, were started on isoniazid therapy with the expectation 
that it would be continued for at least one vear. Any patient whose therapy was 
altered in any way during the 


year, etther by a change in drugs or by the use of 
collapse or excisional therapy, was eliminated from the study at that time. The 
isoniazid therapy was continued unaltered only when, in the opinion of the ob 
servers, no other therapy could be expected to improve the patient’s situation 
Hence the results are to be regarded in terms of what happened to a group of 
patients started on a planned year of isoniazid who were subjected to continuous 
scrutiny with respect to changes in that therapy 


TABLE 1 


LoNG-TerRM SINGLE Drua (Isontazip) THERAPY 


Pulmonar tuberculosis 


hefore end of year 


SUCCES 


nf ompleting One ) var 


Forty-seven patients were started on the year’s mi alon 
and 32° completed it with no alteration in therapy mn addition 


who had experienced substantial roentgenographic 
were changed to other chemotherapy or 


curred at three months 


al 3 patients 
improvement soniazid 
transfer to other hospitals 


in one case and at nine months in 2 


CASES 


The other 12 eliminations from the single-drug regimen occurred prir 


ipa 
in the two middle quarters of the therapeutic year and were made for the follow 
Ing reasons: 


In the first quarter, all patients continued on the single-drug regimen 

In the second quarter, 5 patients were eliminated: 2 by deliberate change in 
chemotherapy 2 by surgery, and one by self-discharge 
In the third quarter, 61 


nore patients were eliminated from the series: one by 


* Includes 3 patients who received between eleven and twelve months of ther ip 


Number of patients started 17 
Felis ited during 1S 
Lo ete 

(het hee ge 
Drug resist 2 
Lack of vem 
Discharged ag st y 4 
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Phu ipproximat two-thirds of the group patients vho started on 
the pla ned vear of oniazid the rapy completed vithout alteration of 
therapy 


nical ( ourse 


The customary 


observations were made he patients temperatures, 
veight change ements e status. These 


are w way different 


eoncerning subyecti 


tions howe er to they 


observa 
eorre ponding obser 


| or with other 


Irom 


n other forms of tuberculosis treated with isoni 


witimicrobial drugs 


“ol nographu matlilies 


Che cour genographic abnormalities throughout the year may 
in table 2 


6 of the 
Classified a 


pater ts cle 
Vorse if 


veloped roentgenographic changes vhich could be 


my time during the one-vear period plates I-VI Two 


of the 6 were eliminated from the series in the third and fourth quarters as men 
tioned abo ‘ Both 


ed other ¢ hemotherapy 
Substantial ocntgenodg 


aphu improvement occurred in 29 of the 


throughout the vear. At the 


some time or other 


tient had lesion ck 


17 patients at 
vear’s end, 21 of the pa 


gnated ol roentgenographi ( ng shown 


lassification as 
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hare or ¢ sonal the il me ell 
In the ty one patient ‘ nated, and the use Was a 
deliberate el ye ‘ therar 
rABLE 2 
ret al ( Rat 47 Patit Iso ALONE FoR One Yt n PERIO 
expressed i ‘ patient witl tated designate t various time periods 
Sulsata im ‘ 4 34 Zl 
No significant u ‘ 25 it i 
Cumulative i ‘ ead mm seri 15 
lo 7 7 7 
hanue 
| ‘ ‘ mil verre 
No ut ue mprovement 
Worse 6 
Patients who complet 
Substantia ‘ 
Cavity closure ‘ 9 
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substantial mprovement here was only one instance of change of a patient s 
lesion from substantia mprovement to worse and this consisted of the slight e1 
largement in size at six months of a cavity present at the start of treatment 

Cavity closure: Cavity closure (all cavities of each patient occurred in 15 of 
the 44 patients with cavitary disease. In 7 of the 15 the closures did not occur 
until the third or fourth quarters ol the vear of therapy As would be anti ipated 
cavity closure occurred principally in the patients who had received no previous 
antimicrobial the rapy Kleven of the 15 patients whose cavities closed had nevet 
received streptomyve 

Worsening dur ng azul therapy ol the 17 patients, roentgenographir 
change designated as ‘“‘worsening”’’ occurred at some time following the start of 
isoniazid therapy In 5 of the 6 cases the change for the worse consisted of either 
enlargement of cavities pre iously present, first appearance ol 
previously abnormal density, or enlargement of a previously present 
infiltration. In the sixt ase, a previously uninvolved area of lung was the 
site of a transient pneumonic process in association with some evidence of a 
nontuberculous bacterial infection of the lung. With this exception, in the entire 
series of 47 patients there was no instance of the development ol a totally new 
area of disease in a region of the lung previously uninvolved and definitely 
separated from the original lesions 

In several of the 6 cases which were classified as roentgenographically Wor st 
it is not certain that the tuberculous lesions in question were actually “worse 
In one, an annulal h Low appeared on roentgenography and tomography in an 
otherwise regressing lesion but a nonexcavated healing lesion was found on re 
section (plate 1). In another, a small solid lesion behind the clavicle showed a 
slight but definite increase in size during the first four months of isoniazid 
therapy and then stabilized for the remainder of the year of treatment plate 
Ill Three month ifter treatment had been stopped the density started to 
increase in size and continued to enlarge during a short period of streptomycin 
PAS therapy prior to resection. A third case was the one mentioned in the 
previous paragraph (plate I1). The patient was an asthmatic with chronic upper 
lobe tuberculosis who developed an area of pneumonia in the right lower lobe in 
a setting suggestive of a pneumococcal pneumonia. The right lower lobe density 
did not completely disappeat until sometime between twenty-one and forty 
nine days after its ippearance, onsequently, it is not possible to be certain 
whether it represented a slow resolving pneumococcal pneumonia in an asth 
matic or a rapidly resolving tuberculous process. The details and illustrative 
roentgenograms of all 6 of these cases designated as roentgenographically worse 
are presented In plat I to VI, inclusive 

Influence of previou chemotherapy on the itsoniazid-treated patients \pprox! 
mately one-half of the group (23 of 47 patients) had received streptomycin at 


some time prior to the expected year’s treatment with isoniazid. Less than 


one-half of this number, however, 1 4% patients, had received any strepto 


mycin therapy within the three months immediately preceding the start of the 


isoniazid. Thus, three-quarters of the group either never received streptomycin 


| 
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or had received none for more than three months prior to the start of the iso- 
niazid therapy. It is not surprising, therefore, that, except for cavity closure, 
there were no conspicuous differences with respect to roentgenographic changes 
between previously treated and previously untreated patients. 

Change in chemotherapy within one year of the start of isoniazid therapy: In 4 of 
the 47 patients, the chemotherapy regimen of isoniazid alone was altered in an 
attempt to provide more satisfactory therapy. In 2 of these patients the drug 
changes were made in the fourth month because of unchanged roentgenographie 
findings and the isolation of drug-resistant tubercle bacilli (6 to 12 and 25 to 50 
of isoniazid per ml.). In the other 2 patients the therapy was changed at seven 
months and at nine months, at which times the roentgenographic course was 
classified as ‘‘worse’’ (plates I and IT). 

The first 2 of these cases in which treatment was altered after only three to 


four months may well represent instances of too hasty change of therapy. Both 


patients were treated early in the course of the study. The other two cases 
represented instances of cavitary disease which had persisted despite seven to 
nine months of isoniazid therapy. One of the patients (plate VI) had experienced 
considerable roentgenographic improvement despite the persistence and reap- 
pearance of cavities; the other patient is the asthmatic with the transient pneu- 
monia mentioned above (plate II). In one instance, the patient’s strain of 
tubercle bacilli required isoniazid concentrations of approximately 2 or 3 y 
per ml. for inhibition; the other patient’s strain was completely drug-susceptible. 

The subsequent course of the disease in these 3 patients following the institu- 
tion of other antimicrobial therapy was not substantially different from what 
had been observed during the period of isoniazid therapy. Successful resectional 
procedures were eventually performed in 3 of the 4 patients 

Summary of roentgenographic changes: In crude terms, therefore, substantial 
roentgenographic improvement occurred in two-thirds of the 47 patients at some 
time during the year, and roentgenographic worsening occurred in less than one- 
fifth. Cavity closure (all cavities per patient) occurred in approximately one 
third of those with cavitary lesions. When significant roentgenographic improve- 
ment did occur, it was maintained either throughout the entire year or until 
definitive surgery, with the exception of the one slight increase in cavity size 
mentioned above. Of the 32 patients who completed the vear’s treatment, sub 


stantial roentgenographic improvement had occurred in 21 


Presence of M. Tuberculosis in Sputum or Gastric Washings During One Year 


of The rapy 


At the start of therapy, tubercle bacilli could be cultured from sputum or 
gastric washings of 43 of the 47 patients. After one year of isoniazid therapy, 
tubercle bacilli could still be cultured from 11 patients. This number represented 
approximately one-quarter of the original group who were demonstrably infec- 
tious at the start of treatment or one-third of all patients who completed the 


year of therapy 
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The cultural studies in terms of months after the start of therapy are as 
follows: 


At three months, tubercle bacilli were cultured from 24 of 47 patients, or 50 per 
cent of the group 

At six months, tubercle bacilli were cultured from 17 of 41 patients, 11 per 
cent of the group 

At nine months, tubercle bacilli were cultured from 13 of 35 patients, 38 per 
cent of the group 

At twelve months, tubercle baciili were cultured from 11 of 32 patients, 33 per 
cent of the group 


There were 4 patients from whom tubercle bacilli were not cultured imme 
diately before the start of isoniazid therapy. When these 4 are excluded, the 
actually demonstrated incidence of reversal of infectiousness is 45 per cent at 
three months and 58 to 66 per cent at six, nine, and twelve months. It must 
be remembered, however, that 12 patients were eliminated from the series during 
the year because of a change in drug or other therapy. If it be assumed that 
these 12 patients would have continued to discharge tubercle bacilli had they 
continued to receive only isoniazid, the incidence of reversal of infectiousness 
would have been approximately 50 per cent. 

In general, once M. tuberculosis disappeared from sputum and gastric wash 
ings of an individual patient, the findings remained unchanged throughout the 
one-year period. During the second year of therapy, however, tubercle bacilli 
have reappeared in the sputum of 2 patients whose sputum cultures were nega 
tive for M. tuberculosis at the end of the first year 

There was a generally close agreement between the results of microscopic and 
cultural examinations of the sputum and gastric washings. 


Tsoniazid-Susceptibility in Vitro 


Of the 43 patients who were discharging tubercle bacilli at the start of therapy, 
11 (25 per cent) discharged strains resistant to 1 y of isoniazid per ml. of medium 
at one time or another during the one-year period 

Nine of these 11 patients had far advanced cavitary disease which had shown 
no significant improvement during isoniazid therapy. In 4 of the 11 patients, 
the lack of significant improvement resulted in a change in therapy, principally 
the employment of surgery, at some time during the second or third quarters of 


the therapeutic year. Seven of the 32 patients who completed the year of therapy 


were discharging ‘“‘one microgram’” isoniazid-resistant strains of tubercle bacilli 
at that time; the other 4 patients, infectious at that time, were discharging 
isoniazid-susceptible strains of bacilli 

Of the 11 “fone microgram” drug-resistant strains of tubercle bacilli, 5 re 
quired 12 to 50 y of isoniazid per ml. for inhibition and the remainder were in 
hibited by 3.2 y (3 strains) or 6.3 y per ml. of medium. It should be recalled 


Designates cultures of M. tuberculosis capable of growing in 1 y of isoniazid per ml. of 
medium 
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that these determinations of drug-susceptibility were all made in liquid medium 


Quantitative microbiologic studies of the tubercle bacilli discharged by the 11 


patient have beet reported else where by lompsett 33 
Vicrolnologic Findings Related to Roentae nographu Findings 

Chere was no particular correlation between the microbiologic and the roent 
ue nographi findings. Six of the 11 patients who discharged tubercle bacilli at 
twelve month vere mm the group ol 21 patients who showed substantial roent 
genographic improvement. It is of interest, however, that all of the 12 patients 
vith cavity closure had sputum and gastric washings negative for MW. tubercu 
lost on culture 

The re Was no ot ous correlation between progression ol dlisease and the dis 
charge of drug-resi bacilli. Only 2 of the 6 patients whose disease was 
classified it worse roentae nographically evel cise harged one microgram 
niazid-resistant bacil Nevertheless, 7 of the 11 who did discharge drug-resistant 
bacill were the group vith the roentgenographi classification of no signif 
cant improvement 

\inlity to tolerate medication: All of the patients received the isoniazid without 
incident throughout the therapeuti vear.”’ In no instance was there any 
ymptomatic or objective e idence of peripheral neuritis or, indeed, any mani 
festations of drug toxicity whatsoever 

{ ltamate outcome Although the 47 patients were started on isoniazid treat 
ment during the period from November, 1951, to August, 1952, inclusive, only 
the course of their tuberculosis throughout the first vear of chemotherapy is de 
scribed in the present report The reason for this is discussed below and has to 
do with the distorting influences of collapse or excisional therapy on drug evalu 
ations in the later months of the “therapeutic year’ and thereafter. Without 
reference to chemother py subsequent to the first vear of isoniazid alone, it can 
be said that 31 patients are living outside of hospitals 3 are dead (one of non 
tuberculous causes), and 13 were still receiving hospital treatment for tuber 
culosis when information was last received. Twelve patients are known to have 
had some torm of collapse or excisional therapy subsequent to the first vear of 
isoniazid the rapy 

tdditional pate nis who received isoniazid alone for long pervods \pproximately 
SO) patients, in addition to the 47 patients of the present study. have also re 
ceived isoniazid alone for periods of nine to eighteen months as follow-up chemo 
therapy after several months of pyrazinamide-isoniazid. The results observed 


in these patients of whom had pulmonary tuberculosis, form the basis of a 


separate report (11 


‘In September 053 n additional series of hospitalized patients with pulmonar 
tuberculosis was 8 on treatment with isoniazid alone. Six-month observations on 
the first 6 of these patients reveal that 5 of the 6 are noninfectious and 4 have experienced 
substantial roentgenographic improvement. The roentgenographic improvement in the 


other 2 patients has been only slight 
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In the present study it was observed that 32 of 47 patients with pulmonary 


tuberculosis whose sole chemotherapy was isoniazid completed one vear of such 
therapy despite per odic review to determine whether other therapy might tn 
used to advantage. Another 3 patients could presumably have remained in the 
group were it not for the fact that, on transfer to other hospitals, their chemo 
therapy was cha ged in contormance vi ma idual local \t one 
time during the year, 29 of the 47 patients were classified avil wn sub 
stantial roentgenog aphi Improvement and 6 were iiss as roentgweno 
graphically worse, Cavit osure ill cavities per patient occurred in 15 of the 
14 patients with if disease and occurred without the employment ol 
collapse or excisiona therapy At the end of the therapeut vear,””’ tuberele 
bacilli could be cultured from approximately one-quarter of the original group of 
17 patients or from one-third of the group followed for the whole period 

It is believed that these observations on the use of isoniazid alone have con 
siderable significances vith respect to both the choice of chemotherapy for the 
hospitalized tuberculou patient and the maximal usefulness of home-care 
programs for tubercut 

Observations such as the present study are not in reality a prime measurement 
of the long-term effectiveness of isoniazid. Instead they are more a measurement 
of the selection udgment exercised by the particulal physicians concerned 
Che selection consists of the separation during the course of treatment, of the 
patients requiring other therapy (usually surgical) from the main portion of the 
patients vho require ny chemotherapy \loreovet only elementary com 
parisons can be mace etween the present data and those from othe tudies 
because of the unlikelihood that anv two series of cases would represent com 
parable pulmonary lesions without pretreatment attempts at ‘‘matching It 
happens that the proportion of patients with substantial roentgenographi 
improvement in the present study is ipproximately the ime a vas found at 
forty weeks in the USPHS study for both isoniazid alone and streptomycin 
PAS, and is not at much variance from the isoniazid-streptomycin values in 
that study This does no more than indi ite, howevel that the single drug 
regimen with isoniazid is in the same general Class as the multiple drug regimens 
and that there was no culpable error of clinical judgment in continuing the 
treatment for g a period, The principal significance of the present results 
therefore, rests in the fact that of this group of patients vhose treatment wa 
begun with twoniazid, the majority were maintained on the original the rapy tx 


cause there developed no compelling indication for a change. It is information 


of this type vhich in the long run determines the place of a parti ular thet ips 


In this case long term oniazid, in the array of all the available chemotherapies 
rhe results represent oniy one aspect ol the evidence at hand concerning the 
long-term maintenance of isoniazid effectiveness, and it is appropriate that they 


he considered in the cor xt of the large! body of information on the subsect 


‘ 
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Consideration of this subject should be prefaced by expressing the belief that 
perhaps too much attention has been paid to the isolation of isoniazid-resistant 
tubercle bacilli, a phenomenon the significance of which is quite unclear, at 
some neglect of what actually happens to patients treated with the drug. Viewed 
in the latter terms, there are five types of impressive evidence to the effect 
that the high activity of isoniazid demonstrable initially is generally maintained 
for many months and for at least the same length of time and in the same fre 
quency as is the case with streptomycin PAS. The five types of evidence are: 
the course of miliary tuberculosis under prolonged isoniazid therapy (7); the 
absence of meningitis during long-term therapy of miliary or primary tuber 
culosis (7, 34, 35); the course of pulmonary tuberculosis on prolonged therapy 
in the U. 8S. Public Health Service (9a, 9b)* and in the present studies; the 


incidence of the worsening of the disease during therapy with isoniazid as com 


pared with streptomycin-PAS (USPHS study); and the incidence of the 


reversal of infectiousness. Not included with the five types but of possible 
relevance is the nature of the instances of roentgenographic worsening in the 
present study 

The evidence from miliary tuberculosis consists first of the fact that relapse 
during isoniazid therapy has not been observed, a phenomenon which Is If 
striking contrast to the situation with streptomycin This was clearly demon 
strated in the early studies of isoniazid in miliary tuberculosis (7) and, to the 
writers’ knowledge, no instances to the contrary have since been reported. To 
be sure, this specific phenomenon pertains only to comparisons of isoniazid with 
streptomycin and not with streptomycin-PAS. In so far as the latter therapy is 
concerned, however, in the isoniazid miliary studies (7, 34) there was the addi 
tional observation that meningitis did not develop early or late during the 
isoniazid therapy of miliary tuberculosis. This was in striking contrast to the 
situation with streptomycin-PAS in which meningitis may make its first appear 


ance even during the later months of therapy. Both of these phenomena (absence 


’ The carefully conducted chemotherapy studies of the British Medical Research Council 
17) and the Veterans Administration (18, 27, 28, 20) cannot be used in this comparison 
for both groups abandoned the practice of starting patients solely on isoniazid after a 
six-month period which ended around September 1, 1952. The MRC regimen which had 
been studied consisted of 200 mg. of isoniazid daily for a ninety-day period. After the 
ninety-day period, the individual physicians caring for the patients were free to choose 
whatever chemother py they deemed advisable. In the Veterans Administration, a number 
of the patients who had received isoniazid alone during the six-month period of the opera 
tion of the program receive d other chemother py when the regimen of isoniazid slone was 
abandoned. There has been no report on any long-term results in those who might have 
been continued on isoniazid alone. The interesting study of chemotherapy in nonhos 
pitalized patients by Robins, Abeles, Chaves, and their associates (45) was likewise not 
suitable for comparison In their report eight-month observations on the use of isoniazid 
lone are presented, but the investigators emphasize that the nature of the tuberculosis 
in their patients was ippreciably different from that in the USPHS and MRC studies 
Moreover, as their studies are concentrated on nonhospitalized patients, the factor of the 
amount of bed rest maint iined by the patients would presumably also be considerably 


different from that which obtained in the other studies 
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of relapse and of late’’ appearance of meningitis’ permit only one of two infer 
ences. Either the first few months of isoniazid have such a marked effect: upon 
the population of tubercle bacilli that revival of lesions in lung and brain during 
the succeeding six to nine months does not occur or isoniazid continues to exert 
antituberculous activity throughout the entire period. The first inference finds 
little support from the studies in man and animals (10, 11, 12, 36), for these 
do not indicate any unprecedented or unique influences ol isoniazid upon the 
histopathology of the tuberculous lesion. It is true, however, that the microbial 
population within the lesion is reduced to a considerably lower level with iso 
niazid than with streptomycin-PAS (10, 11, 12). Although the question is obvi 
ously far from settled, at the present time the inference that the action of iso 
niazid is long preserved seems the more reasonable one of the two possibilities 

The evidence available from the roentgenographic studies of pulmonary 
tuberculosis is of several sorts. In both the | S. Public Health Service study 
and the present study, a substantial proportion (50.6 to 66 per cent) of the 
patients showed substantial roentgenographic improvement at forty weeks 
This value of 50.6 per cent in the USPHS study was in good agreement with 
the corresponding value of 50.4 per cent for streptomycin-PAS and not at too 
great variance with the value of 59.0 per cent for isoniazid-streptomycin also 
obtained in the same study 

The most important single piece of evidence on the question of long-term 
maintenance of isoniazid activity in pulmonary tuberculosis, however, is that 
provided by the incidence of roentgenographic ‘“‘worsening”’ in the U.S. Public 
Health Service study (9a, 9b). After nine months of therapy (forty weeks) the 
values for roentgenographic ‘‘worsening’’ were virtually identical among pa 
tients who received only isoniazid (7.7 per cent), or streptomycin-PAS (6.8 per 
cent), or tsoniazid with streptomycin (4.3 per cent The corresponding value 
at the same time period in the present study was not too much greater, namely 
5 of 35 patients, or 14 per cent). If the effectiveness of isoniazid were usually o1 
even frequently lost after the first few months of therapy, it would be anticipated 


that by the tenth month appreciably more instances of disease progression 


despite therapy would have occurred with isoniazid alone than with strepto 
mycin-PAS 


The values for the sustained reversal of infectiousness as determined by 


microscopy and culture in both the present study and the USPHS study 


provide evidence that isoniazid effectiveness is generally maintained for long 


The abolition of the early appearance of meningitis in isoniazid-treated miliary tu 
berculosis is not germane to the present irgument because it could mere lv reflect bette 
distribution of the drug rather than long-continued maintenance of effectiveness 

Some notion of the range of the significant limits of the roentgenogr iphic method is 
ifforded by a second USPHS study 37) which was conducted similarly to the first 
study but im luded no patients who had had previous chemother ips In the later study 
the twenty-week value for substantial roentgenographic improvement on isoniazid-strepto 
mycin was 69.1 per cent compared with 64.3 per cent for a comparable group on an identical 
regimen except for the concurrent administration of PAS. In addition, three other regimens 
consisting of various dosages and pairings of isoniazid with streptomycin or PAS, yielded 


values of 61.9, 62.3, and 66.3 per cent 
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period \t \ atter study | osis could be cultured 

Irom 20 per cent of t nts who received isoniazid alone; from 32 per cent 

of those who rece em streptomyci PAS: and from 16 per cent ol those on 180 

niazid-streptomycin therapy. In the present study with isoniazid alone, which 

included 1 ho received collapse or excisional therapy, the corre 
ponding fort 38 per cent (13 of 35 patients 

Finally, thes <th type of information which may be derived from the 

present stud ! j onary tuberculosis, 14 the nature of the roentgeno 

graphic worsening ine ong-term isoniazid therapy. Information of this type 

points mentioned above and, indeed, might 

Nevertheless, the observations : sufficiently pro 

met Tr the present tudy, 4 f the 6 instances 

ol “roentgenographi ‘ n consisted of either increase in size of a 


density or ca \ t \ ent or the first appeal ince of transiucency ind 


hence presumably ol mn a density previously present plates Ito VI 


mcluslve With one « ible exception (plate I] there were no instances 
of the first appearances iny time during therapy of a definite density in an 
area cle ‘ epar ited from the original lesion and previously tree trom demon 
strate : ous experience with streptomycin (38 the first ap 
PCArANCe ¢ ‘ of pulmonary disease during therapy (exclusive of 
postoperat henonn vas not uncommon Whether Sue h an occurrence 
during a j rap mn tact a rare as im the present series cannot te 
established at present fortunately, the specific pont is not « italogued in the 
reports of the USPHS and other large-scale cooperati e investigations If subse 
quent expenence confirms the suspi on evoked by the present study that such 
development of ui ‘ y new areas of pulmonary disease’ during isoniazid 
therapy ndeed | ! establish inother type ol evidence on this ques 
tion of the contu of iontazid activity 
The di oO now ummarized as follows. A variety of types of 
observati s distinguished from drug-susceptibility tests 
dence that isoniazid generally maintau 
ine to twelve months or at least tor as 
PAS. With the current fashion so strongly in the 
direction ) or tripie drug therapy it is unlikely that anv additional 
information or ou cts of isoniazid alone versus streptomycin-PAS will 
he forthcoming lant nole. therefore, that on the basis ong 
trial the 


ened one pu mona 


a oone pany great erten! than doe streptom pP ‘ In this 
respect the inform ed from studies in pulmonary tuberculosis and from 


miliary tuberctilosi nidentica 


other pulmeor 
oniazgid ther notes several groups 


inces obser 


In cont vhict ppears to exist with pulmonal tuberculosis 
of investigator 7, 45). I sucl | the present investigators, the 
enlarged le ‘ n regressed satistactori vithout al hdition to, or et ges 
in, the reg er 
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In pulmonary tuberculosis, a form of the infection which does not permit too 
hne comparisons ol drug activity isoniazid and streptomycin PAS are thus 
crudely comparable in terms of both drug effectiveness and its maintenance with 
the passage of time. It is only natural, therefore, to wonder whether the adminis 
tration of streptomycin or PAS along with tsoniazid would result in a significant 
enhancement, or more importantly, in a prolongation of total antimicrobial 
activity against M/. tuberculosis in humans. By enhancement of total antimi 
crobial action is meant the incapacitation of more tubercle bacilli from theu 
disease produc Ing activities than would otherwise be the case 

The obje tion might be raised that an atte mpt to make a distinction between 
the enhancement and the prolongation of antimicrobial action is pointless, for a 
particular drug regimen might result in both. Certainly it is conceivable that 
two or more chemicals administered together might in some speciic way pro 


duce an enhancement of total antimicrobial action which could also be in 


definitely prolonged. It is likewise conceivable that enhancement could be pro 


duced for a pe riod, only to be terminated by the ese ape ol the bacilli from drug 
influence. Prolongation without discernible enhancement is also conceivable 

The point tor cor sideration, therefore is not whether such phenomenon ure 
credible possibilities put wW hether with the available drugs and the speci Cust 
of isoniazid they actually occur. A corollary issue is how much antimicrobial 
action is necessary or useful once the initial maximal effects have been produced 
It is conceivable that the major part ol what can be accomplished in terms ol 
incapacitating tubercle bacilli is actually accomplished within the initial weeks 
ol therapy and that the chief useful purpose served by the rapy thereafter is to 
ensure the continued physiologu imprisonment’ of the surviving microorgan 
isms. If this were the case, the situation with respect to isoniazid-streptomycin 
ersus isoniazid alone might be considerably different in the early and in the 
late phase s of ther ipy 

Unfortunately, this question of enhancement by the use of isoniazid-strepto 
mycin or isoniazid-PAS is one which probably cannot be convincingly answered 
by direct studies of the behavior of tuberculous lesions in patient | response 
of miliary tuberculosis to isoniazid is so uniform and sustained that the effects 
of a second drug uld not be likely to be measurable. In pulmonary tuber 
culosis, a difference n the effectiveness of two regimens, both of which contain 
isoniazid, must be quite marked for it to be demonstrable by the roentgeno 
graphic method Nevertheless, it is conceivable that careful clinical investiga 
tions could be orgar vhich might provide some information on the question 
kor example, a& large cooperative study could be made in which the speed ol 
defervescence in m v tuberculosis could be used in a comparison of isoniazid 
with isoniazid treptomycin or Iso! azid-PAS Likewise a cooperative 


study limited to comparably fresh and extensive pneumonic le might be 


After this was e present writers became acquainted with the u , hed 
experiences of Drs. M ile ‘ ind Dress t the Nat | Jewisl Hospit n Denve 
14 These investig | ster relative large doses of isoniazid and ‘ cu 
luring the first few tive cont ie thereaft« ‘ 
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attempted although the administrative problems in obtaining meaningful 
numbers of suitable cases would be very real. 

In the absence of such pointed studies, judgment must be made on the basis 
of the available data from observations in man and in experimental animals. 
Using three sets of criteria, roentgenographic evaluation in humans, the inci- 
dence of reversal of infectiousness in humans, and microbial enumeration studies 
in mice, it has not been possible to establish with absolute certainty that iso 
niazid-streptomycin is superior to isoniazid alone. Nevertheless, in all three 
types of study, the actual values determined were all slightly in favor of iso 
niazid-streptomycin. In the USPHS study (9a, 9b),"* the value for substantial 
roentgenographic improvement was 7 per cent higher for isoniazid-streptomycin 
than for isoniazid alone at twelve weeks and 9 per cent higher (50.6 and 59.0 
per cent) at forty weeks, when the study was terminated. Likewise, the propor 
tion of patients discharging culturable tubercle bacilli after forty weeks of treat 
ment was approximately 10 per cent lower on isoniazid-streptomycin than on 
isoniazid alone (approximately 15 and 25 per cent, respectively) 

In the microbial population studies in mice (10, 11, 12) it was not possible to 
demonstrate a significant difference between isoniazid-streptomycin and iso 
niazid alone in terms of reduction of the population of M. tuberculosis in lung 
and spleen. Here again, however, the actual values (before statistical analysis) 
were always slightly in favor of isoniazid-streptomycin 

With respect to isoniazid-PAS versus isoniazid alone, it should be emphasized 
that there has been no investigation in which these two regimens of chemo 
therapy have been measured against each other in comparable groups of patients 
studied concurrently. Consequently the only information available is that which 
might be derived by comparing the results on isoniazid alone in the early studies 
with the results on isoniazid-PAS in subsequent studies. As might be anticipated, 
such a comparison is not very satisfactory, for the results with isoniazid-strepto 
mycin (the one drug-pairing common to all of the studies) were considerably 
different when studied by the same investigators at different time periods 

For example, substantial roentgenographic clearing at twenty weeks" occurred 
in 33.2 per cent on isoniazid alone in USPHS study I (9a, 9b) compared with 
62 per cent for isoniazid-PAS in USPHS study II (37). At first glance this 


29 per cent difference seems impressive. On further scrutiny, however, it may 


be seen that two isoniazid-streptomycin regimens in USPHS study II were 


‘Tt was not possible to make accurate comparisons on these points with the data 
in the MRC study For, in the MRC study, the values are recorded in months rather 
than weeks and, in the study in which isoniazid alone was compared with isoniazid 
streptomycin (17), the streptomycin was given daily (1 gm.) instead of twice weekly as in 
the USPHS study. With due allowance for these differences in methodology, the three 
month values for substantial roentgenographic improvement, Le., two-plus and three 
plus in the MRC study were 26 per cent for ison azid alone and 20 per cent for isoniazid 
streptomycin. The values for culturable tubercle bacilli were 55 per cent for isoniazid alone 
and 24 per cent for isoniazid with daily streptomycin 

“In this and all subse quent comparisons the time period chosen represents the longest 


one for which the data for comparison are available 
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likewise 25 and 28 per cent superior in terms of substantial roentgenographic 
improvement to the isoniazid-streptomycin regimen in USPHS study I 
A similar situation exists with respect to the two British MRC studies. A 
comparison of the value (at three months) for substantial roentgenographic 
improvement on isoniazid alone in MRC study I (17) (26 per cent) with that 
obtained with isoniazid-PAS (39 per cent) in study II (17d) yields a 13 per cent 
difference in favor of isoniazid-PAS. An even greater difference exists, however, 
i.e., 20 per cent, between the corresponding roentgenographic results on isoniazid 
streptomycin in MRC study I (29 per cent) and the results with the same two 
drugs in MRC study II (49 per cent) 

These substantial differences between studies I and II with respect to roent 


genographic improvement on isoniazid-streptomycin, which were found on both 


sides of the Atlantic," presumably reflect the presence of a greater number of 
reversible lesions in the later studies. The bacteriologic data should also be 
affected by such a phenomenon, but from the preliminary observations, at least, 
this does not seem to be the case. Hence, the nominal superiority of isoniazid 
PAS over isoniazid alone in terms of the reversal of infectiousness which can be 
derived from comparisons of the older with the newer studies may have sub 
stance. For example, in the British studies, tubercle bacilli could be cultured at 
three months from 24 per cent of the patients who received isoniazid streptomycin 
in study I, and from 18 per cent of those who received the same drugs in study 
Il. Hence, the isolation of tubercle bacilli from only 17 per cent of the patients 
who received isoniazid-PAS in MRC study II stands out prominently in 
comparison with the corresponding 55 per cent value for isoniazid alone in 
MRC study I (17d). In the American studies, the corresponding values at 
sixteen weeks for patients on isoniazid streptomycin were 21.1 per cent in 
USPHS study I and 18.1 and 20.9 per cent in USPHS study II. At the 
same time in the latter study, M. tuberculosis was cultured from 8.6 and 12.9 
per cent of two groups who received isoniazid-PAS and from 14.9 per cent of a 
third group who received isoniazid-PAS and streptomycin. This range of 8.6 
to 14.9 per cent is to be compared with a sixteen-week value of 34.6 per cent 
for isoniazid alone in USPHS study | 

Unfortunately it is not possible to determine how much of this apparent 20 
to 38 per cent superiority of isoniazid-PAS over isoniazid in terms of reversal 
of infectiousness is attributable to the PAS. For, in addition to the lack of evi 


* It should be stressed emph atically that the data derived from the « omparative analyses 
used in this Discussion do not in any way represent “« laims”’ of these inve stigators which 
are here being subjected to criticism. On the contrary, the individual reports from both 
investigations have been noteworthy for their sharply defined limitation to the specific 
question or questions under study and for their cautions concerning the degree of sig 
nificance of the various sets of data. Moreover, both investigations have been specifically 
designed to permit comparisons between the first and the second studies by selection of 
similar subgroups for separate analysis (e.g., all patients with noncavitary disease known 
to be of less than three months’ duration). Hence, it is anticipated that comparisons of the 
material from appropriately chosen subgroups from Studies I and II of both investigations 


will be forthcoming and should shed considerable light on these questions 


| 
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dence that the iazid-PAS regimen is superior in terms of roentgenographi 
change is outlined wove there are the observations of Fruhlinger and Bala 
30 vho state that as much as 20 per cent ol the negative sputum cultures 
for tubercle bac obtained during PAS therapy represent artefacts. Ideally 
this highly importa ion of whether PAS along with isoniazid does mate 
rially increase tsonia ivitv should be settled bv a comparative study of 
isoniazid alone and oniazid-PAS in treated patients Failing that, the matter 


vill have to be decided by inferences drawn from comparisons with isoniazid 


streptomycin by additional analyses of comparable subgroups in the | SPHS 


and MRC materia 

Finally, in this cor it would seem that, if PAS along with isoniazid 
results in increased antimicrobial activity analogous to that of PAS with strepto 
mye or the eve more striking pyrazinamide isoniazid phenomenon Hh 
17 ol the uperiority of ioniazid PAS isoniazid alone 
should eventually appear the roentgenographic observations 

In the microbial popu tudies in mice (10, 11, 12) the addition of PAS 
does not enhance the act isoniazid. In contrast, in the mouse as in man 
the addition of PAS defu i enhances the activity of streptomyct 

ne the ivVallahb dence fails to show that isoniazid streptomyec 

enjoys r isoniazid alone (or over streptomycin-PAS 
in the greater effectiveness during the early weeks 
of therapy, hy ime to ire indications that isoniazid-streptomycin 
have ! light \t present therefore vhen the 
clinical faced vhich maximal antimicrobial therapy would 
Specially 1) acute tuberculous pneumonia, certain cases ol 


meningit he mu yh the apparently slight ad antages ofl isontazid strepto 


mvcin agaist the isadvantages, largelv theoreti vhich might be associated 


with such a regimet 

The e of PAS with isoniazid presents from the disadvantage standpoint 
essentialiv. the Line tuation as is the case with streptomyci ee below 
From the ad y dpoint, however, the situation with respect to isoniazid 
PAS criteria, roentae nographi change microbial enumera 
tion in mice sal of infectiousness, only the third seems to indicate 
superiority son) d-PAS over isoniazid alone and the true meaning of ever 
this finding ject to some question. The question of the possible disad 

tages of is iZid-streplomyvin OF isontazid PAS \ be discussed after con 
sideration of the possible advantages of these pairings with respect to prolonga 
fron of antimicrobial 

Ihe question Of ol antimicromal activity is perhaps of much 
greater importance than t one of enhancement. For prolongation would have 
it bearing nmevery ¢ ! not just in the sper alized circumstances in which a 


significant enhancement vould be most desirabl Indeed i effective anti 


microbial action could supplied umformly for an unlimited period, it ts 
conceivable that import benefits would he strable inh those patients 
now ipproximatety ree with pulmonary tuberculosis who are not 


atistactonilv benefited by ! of the present lorms ol chemotherapy 
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Thus, this perplexing problem ol vhether to us streptomycm PAS along 
vith isoniazid becomes one of truly major Importance, Only i it can i shown 
that their use as a pair or trio actually does p olong the pe riod of antimicrobial 
effectiveness. The pr ncipal question at issue therefore, is whether some pairing 
of isoniazid with streptomycin or PAS or all three together Wil resuit ih maim 
tenance of antimicrobial action in a larger proportion of a group of pulmonary 
cases and for a ionge! period than is presently the case with isoniazi 1 the 
one hand, o1 streptomycil PAS, on the other 

Unfortunately, thi a type of question which is even less likely to be 
able from studies in man than is the question of enhancement. For in the last 
analysis the proble m of the continued presence OI the disappe irance ol drug et 
fectiveness can only be measured in terms of relapse during therapy. To all 
intents and purposes this means roentgenographic worsening or the reappearance 
of tubercle bacilli after their prolonged absence from the sputum. In miliary 
tuberculosis, relapse has not been observed during or after appropriate treat 
ment with isoniazid alone and occurs only rarely, if at all, with streptomycin 
PAS (in contrast to the situation with streptomycin alone Likewise 
monary tuberculosis, from the present study with long-term isoniazid alone and 
the USPHS study of this and othe chemotherapies it is clear that relapse a 
reflected by roentgenographic worsening’ during treatment 1 nfrequent 
Moreover, in the tenth month of therapy in the Public Health Service study 
relapse, 1.e roentgenog! iphic worsening,’ uppeared in essentially the 
incidence with isoniazid alone, isoniazid streptomycin and streptomyci PAS 
Hence, within a nine to ten-month period it Was not possible to detect any 
difference among the three regimens with respect to the prolonged maintenance 
of drug action. If it has not been possible to demonstrate any such difference 
within the first ten months of therapy, it will be virtually impossible to do it 
thereafter. The reason for this has to do with the important question of the fh 
ol collapse or excisiona therapy In patients vhose pulmonary tuberculosi is 
under study for the degree of response to antimicrobial drugs 

Actually the necessity for performing collapse or excisional therapy (including 
pheumoperitoneum) in a substantial minority of patients with pulmonary 
tuberculosis poses a great dilemma in the Interpretation of the effects of anti 
microbial therapy ifter the sixth month of most therapeutic trial (one pro 
cedure is that which has been followed in the USPHS and Veteran \dministra 
tion studies in which drug evaluation is continued in all patients even though 
excision or collapse therapy has been performed. The justification for this prac 
tice 1s that by and “ure the percentage ol patients vho receive co aipse or ex 
cisional therapy tends to be the same throughout the “urIOUS experimental 
ZrOUps ; hence, the distorting effects of the practice may bye disregarded Indeed 
during the first six months or so of most therapeutic studies it is not likely that 
collapse Or @XCISIO! ire distorting tactors For, with due allowance for indi 


vidual differences in local practice, it is customary to permit a period of ap 


proximately six months of chemotherapy to elapse before making any final 


judgments about additional forms of therapy 


past the «th month hows thy tuation become iderably 
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changed. From this point on, the patients whose lesions are not being completely 
“arrested”’ by chemotherapy become increasingly easy to identify and are 
properly subjected to the additional procedures. Irrespective of the type of 
chemotherapy, once the tuberculous lesions have been collapsed or actually 
excised, the chances are obviously excellent that tubercle bacilli will no longer 
be excreted in the sputum. Hence, it is obviously a distortion to continue such 
patients in an experimental series in which the status of the sputum with respect 
to tubercle bacilli is used as an index of drug activity 

The opposite practice (followed in the present study) of eliminating patients 
from the study series once their lesions have been collapsed or excised is likewise 
a distortion. For the patients available for microbiologic studies between the 
eighth and twelfth months of chemotherapy represent a group composed of 
those who either require no collapse or excisional therapy or in whom such 
therapy is technically inadvisable 

Thus, either of the two practices introduces a distortion which becomes in 
creasingly operative with the passage of time, notably during the last half or 
third of the first year of chemotherapy. Moreover, it would not be ethically 
justifiable to withhold or postpone collapse or excisional therapy in patients 
obviously needing such therapy merely for the purpose of evaluating antimicro 
bial drugs. Consequently, the only reasonable solution of this dilemma which 
suggests itself is simply to recognize that it ts not really satisfactory to use cultural 
studies as an index of drug effectiveness in pulmonary tuberculosis past a certain 


point in time. The time sequences involved are such that in any group of patients 


with pulmonary tuberculosis the factor of collapse or excision is negligible during 


the first six months of study; becomes a disturbing factor between the sixth and 
the ninth month; and from the ninth month on represents such a distorting 
factor that inferences based on reversal of infectiousness between groups on 
two different regimens of chemotherapy are almost certainly no longer mean 
ingful 

Thus, about the only way in which the question of the prolongation of effec 
tive drug action could be measured past the eighth or ninth month of therapy 
would be by measurement of progression of disease and return of infectiousness 
during therapy among the survivors of the various groups which receive no 
collapse or excisional therapy 

In the absence of such information and within the framework of the available 
time periods, i.e., one year, there is no evidence that any of the three regimens of 
isoniazid alone, isoniazid-streptomycin, or streptomycin-PAS is superior to 
the other two in terms of prolongation of effectiveness 

The situation with respect to the use of all three drugs together is essentially 
the same as that presented by isoniazid-streptomycin or isoniazid-PAS. In the 
microbial population studies in mice, there was no evidence that the administra 
tion of both streptomycin and PAS along with isoniazid leads to any enhance 
ment of antimicrobial action over that produced by isoniazid alone (10, 11, 12). 
Likewise, in the USPHS studies in humans (37), there was no demonstrable 
advantage of the triple-drug regimen over the various two-drug regimens in 
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terms of substantial roentgenographic improvement at twenty weeks or absence 
of infectiousness at sixteen weeks. One aspect of the question of triple-drug 
therapy has not yet been defined. There is no information whether the isoniazid 
streptomycin-PAS regimen used over a long period, for example two years, 
would provide more satisfactory antimicrobial action throughout the entire 
period than would be the case with isoniazid alone for one of the years and 
streptomycin-PAS for the other. 

As mentioned previously, the disadvantage which might possibly accrue to a 
patient from the use of isoniazid and streptomycin together is based largely on 
theoretic considerations. The argument runs about like this 


Pulmonary tuberculosis is a chronic disease for which an infected person might 
have to have several long periods of chemotherapy throughout his lifetime. Tubercle 
bacilli resistant to either isoniazid, streptomycin, or PAS eventually appear and 
apparently increase in numbers in any patient who continues to discharge bacilli 
despite continued treatment with one of these drugs. It is clear that streptomycin 
resistant tubercle bacilli maintain full pathogenicity and are not affected by strepto 
mycin in vivo (31). It is likewise clear that some isoniazid-resistant tubercle bacilli 
are also changed in ways other than their drug susceptibility so that their patho 
genicity is altered (40, 41, 42). Nevertheless, there is solid evidence that certain 
isoniazid-resistant tubercle bacilli have the capacity for continued multiplication 
within the isoniazid-treated mouse (33, 43). In this situation they are clearly patho 
genic and may also be pathogenic for man. In the face of this evidence, therefore, it 
would be foolhardy to assume the position that certain isoniazid-resistant bacilli 
might not be disadvantageous to the patient. There has been less intensive study 
of PAS from this standpoint, but there is no reason to believe that its situation is 
materially different from that of streptomycin (49). Tubercle bacilli resistant to 
both isoniazid and streptomycin, or to streptomycin and presumably PAS, can be 
derived from patients receiving either pair of drugs (9c) 

The physician does not usually wish to use streptomycin alone, for the time limits 
of its period of effectiveness have been quite well established. By the same token 
PAS is seldom used alone, for it is a relatively weak agent by itself even though it 
has considerable usefulness when administered with streptomycin. When the physi 
cian chooses to use either streptomycin or PAS along with isoniazid, however, his 
patient is at risk, that whichever adjuvant is used, i.e. either streptomycin or PAS, 
it may be compromised for future usefulness in that patient. It is not always appre 
ciated that this theoretic disadvantage applies with equal force to PAS as well as 
to streptomycin and that a patient whose tubercle bacilli are PAS-resistant can look 
forward to nothing but short-term benefit if it be subsequently necessary to use 
streptomycin 

In essence, the argument is that anvthing which tends to compromuse the value 
of either member of the streptomycin-PAS pairing negates to that extent the future 


usefulness of streptomycin 
It should be emphasized that the present writers are by no means convinced 


that the above argument has widespread validity. Nevertheless, the data bearing 


on the point are too few to make a convincing denial of the argument at present 


* 
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he foregoing considerations regarding multipl ind single-drug therapy 


leave the physi position of some uncertainty, but also with considerable 
atitude of choice, it nning the treatment of a patient with pulmonary tuber 
culosis. It would be ul sng iu, as experience accumulates, a statistically valid 
basis for individual of treatment according to specific situations and 
types ol d not emerge Until more statistical information is available 
on results Ww ous regimens, not only in contro! senes of unselected cases 
of pulmonary tuberculo puta so in selected types nocategoric statements are 
mustifed concerning what is the therapy of choice 
The regimen tol tarting treatment whi h is still most Irequentiy recom 


mended in curret is the therapy of choice is streptomycin-PAS. As 


the clinical « dence mdr however, that this regimen is neither of greate! 

nor ot more prolonge eTrectiveness that isoniazid singly the choies 
it best a doubt Particularly is this true if the dosages ol streptomyec 
employed in the United States, Le streptomycin 

12 gm. daily. The higher doses of PAS customary 

it more continuous (daily) administr: of strepto 

may gi i mit edge to streptomyci PAS over tsoniazid. Whether 
emploved in the mo nisl or in the less intensive manne! streptomyci 
PAS has material d ntages in contrast to isoniazid with respect to cost 
viminis ri itive freedom from major ‘las minor toxicity 

It eem more 0 * therefore, to administer isoniazid as the first 
chemotherapy, especia ! ituations in which it is estimated that a maximal 
intimicrobial action not essential. Pulmonary tuberculosis of only minimal 


extent might we he « dered to fall usually in this category contrast 


rivaneed tuberculou pneumonia vith massive caseation might he conside red 

require the maximal degree of antimicrobial effect vhich can possibly iy 
ittained. For th iIrpose the supplementation ol isoniazid with either strepto 
mycin, PAS ) rugs would seem desirable because of the evidence that 


degre il ‘ nhancement may tx so effected Jetween this and the 


fherap this discussion sot 


s question of choice chemotherap 


ple per ersus single drugs per 


uberculosis as it r infections i certal 


t enhancement of t l antimicrobial 


Ssigniticar 
irug regimens do not The t r phenonemor 
ividual drugs in multiple-drug regimens 


db). In tuber 

result in significant 

imide-isoniazid. It ) ul therefore, that 
mechanics of these tive drug pairings 


true spectificit Tit ot that o ere sum oO 


therapeut 


} py and e-d 
for ease present Strict peaking, 
tively few drug | esult otivit 
the we even though the | iv be quite 
powerful it he ‘ | tuberculous infections the itstanding eXamples of drug 
pairings which le ent ntimicrobial act n, true synergisn e the 
ihydrostreptor reatment of enterococea locarditis (48) and the prima 
juine-chloroquine tre f malaria rings 
have thus ta on ef shown to nt is 
inimals, strepto ‘ i pvrazit how 
ever little ma ( now ue gt the 
esulting phenome the | 
two powerful drugs. ppropriate n far possible to consider these 
sitters in terms of cu and particular ic situations 


PULMONARY I RING LONG-TERM ISONTAZID THERAPY 249 


other extreme of a and almost completely reversible minimal lesion lies 
the entire spectrum oO xed types vith variable proportions of reversible and 
irreversibie element Dhe issumption that the therapy of choice for all of the 
different patterns of pulmonary tuberculosis, classifiable as moderately ind 
far advanced, is necessarily a multiple drug regimen seems as doubtful as that 
such multiple ther ipy is usually necessary in minimal tuberculosis 
Patients with uw iteral cavitary disease of unknown duration and uncertain 
for whom eventual excisional surgery must be considered, may 
well be treated initially with isoniazid. A three- to six-month trial of such 
therapy may often result making It unnecessary to use other drugs or, indeed 
to perform any operation. If clinical arrest is not attained and surgery does 
become necessary the pre and postoperative periods Cal in additionally 
protected by stre ptomycin which has in this plan not Deen compromised ry 
prior administration. Moreover, streptomycin may now be depended upon for 
prolonged postoperative therapy because, by the initial administration 
isoniazid, there is st ivallable the equa ly uncompromised PAS for a com 


panion drug to streptomy* Isoniazid mav reasonably be continued as a th rd 
drug, if desired, as there is ttle, if anv. evidence that its prior administration 
for three to six months necessarily destroys its value for combined treatment 
any more than for single-drug therapy 

examples cited above are but lilustrations of possible and reasonable 
selections of therapy for certain types of clinical problems. Hitherto the com 
parative-regimen studies in pulmonary tuberculosis have been planned to ob 
tain an inclusive answer to the question of which of currently available drug 
regimens is best for pulmonary tuberculosis. Now that the number of effective 
agents available has increased, it will become necessary to subdivide the case 
material, and such analyses are already in progress It might be objected 
that it must first be determined what regimen is most successful on an over-all 
statistical basis, without selection or subdivision of case material according to 
extent and type of disease. When the difference is as yreat howevet im terms 


of inconvenience and of drug intolerance as it is between isoniazid singly and 


triple-drug therapy, or isoniazid and isoniazid-PAS, or isoniazid and isoniazid 


streptomycin ‘ven an over-a Statistical superiority of multiple-drug therapy 
would not necessarily make its indiscriminate use the best practice while awaiting 
the collection of more parti ularized data 

\t the present time the demonstrated differences between the various regimens 
of isoniazid, streptomycin-PAS, isoniazid-streptomycin, isoniazid-PAS, and iso 
niazid streptomye PAS ire not sufficiently great to indices that anv on ol 
them is indisputably the therapy ef choice for all varieties of clinical tuber 
culosis, or even for arieties of pulmonary tuberculosis. On the basis of 
available evidences vivantages ol multiple drug the rapy appear to make 
this advisable in siti ns in Which the desirability of an immediate maxima 
drug action is evidet \Multiple-drug therapy has certain disadvantages in ad 
dition to the question ol mmediate prac ticability which make it eminently 


sirable to avoid the administration of more than one drug whenever this 
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possible. Among these disadvantages is the important consideration that each 
drug administered may be compromised, at least to some extent, with respect 
to its future usefulness. As there is no evidence that any combination of these 
three drugs provides an eradicative type of therapy, and as many factors un- 
related to drug treatment may cause relapse, this disadvantage, in the long 
view, assumes a paramount importance. Economy of therapy is desirable, not 
only in the monetary sense but from the strictly therapeutic standpoint of 
holding something in reserve. Although no longer so obvious as when strepto- 
mycin was the sole effective agent at hand, and although perhaps not of such 
immediate importance as it was, this principle of saving something for eventu 
alities is still a practical consideration. Although it may be reasonable to expect 
further additions to the growing list of effective agents, it is improvident to de- 
pend entirely on such hope 

The other agents presently available or under study, such as viomycin and 
pyrazinamide, are not to be forgotten either. These are not, however, inde 
pendently satisfactory agents for prolonged therapy, and viomycin is clearly a 
less effective agent in safe dosage than either isoniazid or streptomycin. Pyrazin- 
amide, however, despite its demonstrated hepatic toxicity and its short-lived 
duration of activity when administered alone, must still be considered as po- 
tentially a most valuable agent. In combination with isoniazid, it provides 
probably the most effective therapy known and one which, moreover, is the 
simplest multiple therapy to administer and has the least unpleasant minor 
side effects (11, 46, 47). If the problem of hepatic damage proves avoidable 
without loss of therapeutic effect, pyrazinamide-isoniazid may indeed emerge 
as the therapy of choice for the severe and potentially most serious clinical 
situations. For the present, however, its use must be confined to investigative 
programs 

The four regimens composed of various combinations of isoniazid, strepto 
mycin and PAS, plus isoniazid as single therapy, thus comprise the choices 
available for general use. Single-drug therapy with either streptomycin or PAS 
has little to commend it. The accumulated experience of some years indicates 
that these two agents are best used in combination with each other, or perhaps 
each with some third drug. The choice between the five regimens can be ap 
proached with rational discrimination appropriate to particular clinical circum- 
stances even if definitive evaluations are still pending. Probably of even greater 
importance than the actual selection of a drug regimen are the continuity and 
duration of its administration. Finally, no drug therapy in tuberculosis can be 


employed to optimal advantage without frequent periodic reviews of the situa 


tion with reference to the timely addition or substitution of other measures. 
These include not only rest therapy, collapse procedures and excisional surgery, 
all of which are of proved value for particular indications, but also alterations 
in the drug therapy itself 

Another aspect of the present study with isoniazid alone which is of interest 
has to do with the use of chemotherapy in home-care programs. At the outset 
it may be noted that the variety of therapy possible in a home-care program 


PULMONARY TUBERCULOSIS DURING LONG-TERM ISONIAZID THERAPY 201 


obviously depends upon the proximity ol the patient to the physician or hos 
pital; the frequency of nursing visiting which is feasible; the enthusiasm and 
continued cooperation of the patient and, in some cases, the patient s willing 
ness OT capability to learn minor te hnical procedures 

In certain ideal circumstances, any regimen of therapy available in a hospital 
can be made available in the home. In many such situations, home care repre 
sents not an improvisation but merely a matter of individual preference. On a 
wider basis, home-care programs utilizing streptomyein-PAS have been in 
operation for some years principally in large urban nureas with ah Cust load dis 
proportionate to the inpatient hospital facilities. When isoniazid was first intro 
duced, it was quickly incorporated into such home-care programs and gave 
them a wider choice of chemotherapies, as it did in hospital practice 

It is no discredit to these ‘“‘metropolitan type” programs, which can utilize 
multiple-drug regimens, to state that the broad field of usefulness of home-care 
programs does not lie primarily in the highly industrialized urban centers. On 
the contrary, the prim ipal usefulness of home care programs would be In areas 
of low technologic development in which patient cooperation can be obtained 
but where hospital facilities are inadequate or nonexistent. To all intents and 
purposes, a therap lol widespread usefulness in such a situation must be self 
administered, which means an oral preparation. The therapy must also be 
sufficiently well-tolerated so that the patient will continue to take the medicine 
even though he Is UnsUpe! ised for several davs or weeks at a time | he digestive 
disturbances produced by PAS constitute a serious handicap to its usefulness 
in such a program. This would particularly be the case when all communication 
Is through nonprotessional interpreters and hence the understanding and en 
thusiasm of the patient might be less than complete. Indeed, in most circum 
stances, it would be inadvisable to even attempt to use PAS lest the patient 
should revolt against all medication 

In the opinion of the writers, the significance of the introduction of isoniazid 
does not rest primarily on the fact that it represents a powerful tuberculosis 
chemotherapy, for such powertul therapies were already in existence. In the 
long run, the significance of the isoniazid development rests on the fact that for 
the first time it has become technically feasible and rewarding to deliver a 
significant degree of antituberculous therapy and periodic professional scrutiny 
to tuberculous patients remote from highly organized hospital facilities 

From the results of the present study with isoniazid alone, it may be seen 
that a substantial minority of patients with pulmonary tuberculosis would 
remain infectious and show no roentgenographic evidence of improvement if 
their only therapy consisted of rest at home on isoniazid. It is clear, therefore, 
that for widespread, largely unsupervised use in a population with a high preva 
lence of active tuberculosis, isoniazid alone would benefit some, but would result 
in no benefit and might even produce harm to many others. It is equally clear, 
however, that, when such a group of patients is periodically subjected to 


medical review so that those requiring collapse or excisional therapy can be 


transported to facilities where they may receive additional treatment, the use 


of isoniazid alone represents a simple and surprisingly satisiactory regimen ofl 


, 
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chemotherapy. Moreover, from the experience in the present series it appears 
that the patients requiring the additional therapy will not represent a majority 
It further appears that the critical period with respect to selection for other 
therapy is between the fourth and eighth months after the start of therapy 
Thus, although there are definite limitations to the use of isoniazid alone in a 
home-care program, these limitations can be properly managed if the program is 
intimately associated with facilities for continued medical review and the propet 
introduction of alternative therapies 

It is to be emphasized that the results obtained from the use of isoniazid 
alone in the present study were not obtained in unsupervised patients, but rather 
In patients maintained under good hospital conditions There is as vet no way 
of knowing, therefore, whether comparable results could be obtained in patients 
attempting to receive a greater or lesser amount of bed care at home. Neverthe 
less, the results of the present study have obvious relevance to medical care 
programs in areas hopelessly inadequate in hospital facilities in the present or 
in the foreseeable future 

Che treatment of pulmonary tuberculosis, although vastly more effective as 


the result of recent progress and new developments, is not thereby made any 


simpler. On the contrary, the expanded choice of available treatments makes the 


clinical management ol the disease considerably more ¢ omplicated The problems 
of defining specific indications for various measures depend for their solution 
on continued and more selective investigative programs. The problems of formu 
ating the most effective and least harmful programs of therapeutic management 
for individual patients depend on clinical judgment and the considered applica 
tion of all currently available information. This is a formidable task in this 
present period ol rapid change which permits no simple inclusive formulation of 
tuberculosis treatment. Nevertheless, a rationale can be developed appropriate 
to the particular clinical problem which need not be so arbitrary as to always 
include multiple drugs and which should provide for an orderly sequence of a 


variety ol therapeuti measures to be applied as they may be needed 


SUMMARY 


Forty-seven patients with pulmonary tuberculosis, moderately advanced o1 
far advanced in extent, were started on isoniazid therapy with the expectation 
that it would be continued for at least one year. Any patient whose therapy Was 
altered in any way during the vear, either by a change in drugs or by the use of 
collapse or excisional therapy, was eliminated from the study at that time 

Thirty-two of the 47 patients completed one vear of such therapy, and an 
other 3 could presumably have remained in the group were it not for the fact 
that on transfer to other hospitals their chemotherapy was changed in conform 
ance with local practice. At some time during the year, 29 of the 47 patients 
were classified as having showed substantial roentgenographic improvement and 
6 were classified as roentgenographically worse. In no instance did the roent 


genographic worsening represent a major spread of the disease. Cavity closure 
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all cavities per patient) occurred in 15 of the 44 patients with cavitary disease 
and occurred without the employme nt ol collapse or excisional thet ips 
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h streptomycin-PAS. On May 8. 1952. isoniazid therar vas started for bilateral 


vulmonar tuberculosis with multiple cavities (left During the succeeding nine months 


the degree of roentgenographic improvement was designated as slight, 1. 
mprovemer oentgenogram (right) obtained r nine months of therap 
annular shadow i { representing a new cavit According the 


vas changed to re rene ) during therap 
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METABOLISM OF ISONIAZID IN MAN AS RELATED TO THE 
OCCURRENCE OF PERIPHERAL NEURITIS':? 


HETTIE B. HUGHES, J. PARK BIEHL,*? AUDREY P. JONES, anp 
L. H. SCHMIDT 


ceived for publication April 7, 1954 
INTRODUCTION 


his report ais wil the metabolic fate of isoniazid in a group ol tuber 
‘ ous patient treated with relatively large doses of this drug The investigation 
deve loped from two independent studies; the first on the metabolism of isoniazid 
in man and monkey, the second on the reactions of the tuberculous patient to 
doses of the compound somewhat larger than those commonly used. The first 
of these studies (1) showed unequivocally that N'-isonicotinyl-N*-acetylhydra 
zide is the major metabolic product of isoniazid in the rhesus monkey and sug 
gested that this acetyl derivative is also the major degradation product in 
man. The second (2, 3) showed that 60 per cent ol the patients tolerated iso 
niazid in daily doses of 20 mg. per kg. for sixteen or more weeks without untoward 
reaction; the remaining 40 per cent developed peripheral neuritis, in nearly all 
cases alter three to eight weeks of treatment 

Since studies on lower animals (4, 5) had demonstrated that acetyl isoniazid 
possesses only a small fraction of the toxicity of the parent drug and since work 
vith other therapeutic agents, such as the sulfonamides (6, 7), had shown that 
humans differ considerably in their capacities to acetylate drugs, the question 
vas raised whether variations in tolerance to isoniazid rest on different capacities 
of patients to degrade the parent compound. Fortunately, material from the 
original group of patients was ay ailable for study of this question For reasons 
pertinent to another investigation (3), twenty-four-hour urine specimens had 


been collected from a substantial fraction of these patients and aliquots had been 


stored at 4°¢ hese specimens were studied for content of isoniazid, acetyl! 


isoniazid, and other metabolic products, with the results described below 


MATERIALS AND METHODS 


Patient material: The 17 patients used in this study included 14 with active 
pulmonary tuberculosis and one each with tuberculous adenitis, meningitis, 
and renal tuberculosis. The group comprised 11 males and 6 females ranging 


from thirteen to sixty-one years in age. All infections had been diagnosed re 
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cently; none had beet sub) cted previously to specifi therapy Tr the present 
study, isoniazid was administered for periods of 19 to 280 days. Sixteen patients 
received daily doses of 20 mg. per kg.; one received 10 mg. per kg. doses. In all 
instances these daily doses were divided into three equal portions, administered 
orally at eight hour intervals. In addition to isoniazid, each patient recel ed 


streptomycin, | gm. either daily or twice weekly 


ed trom 
ils during t 
multi cases specimens were 
Aliquots of the specimens were 
the methods deseribed bel 
niazid and acet 


lescribed heret« 


aeriy 
r. Schemer ind 
ontained nonspeci sulst 
l equivalent, the twent 
The daily excretion of isonicotini 
orrected for the appropriate pretre 
findings of fitter and colleagues 


KESULTS 


he data on the excretion of isoniazid and its derivatives by different patients 


have been summarized in table 1. Day by day or week by week variations en 


countered in representative subjects are presented in figure 1. This illustrative 


material shows that isoniazid undergoes extensive metabolic transformation in 
man and suggests that metabolism follows a relatively constant pattern in an 
individual person but that patterns in different persons vary substantially 

Partition of the excretory data, as in table 1, reveals three relatively distinct 
patterns in the metabolism of isoniazid 

First metaboli patterr The first represt nted by the 6 patients ol G oup is 
characterized by conversion of the drug to two major metaboli produ ts, acety! 
isoniazid and isonicotinic acid-like derivatives.’ This metabolic conversion 
is quite extensive ior, a though essentially all of the isoniazid ingested was 
eliminated in the urine, only 4 to per cent was excreted unchanged. Acety! 
isoniazid was the major excretory product in this pattern of metabolism, ac 
counting tor 54 to 74 per cent ol the parent drug 

Second metabolu patterr The second metaboli pattern, repre sented by the 7 
subjects in Group // (table 1), is characterized by conversion of isoniazid to at 
least three metabolic products or groups of products. These include the acety] 


derivative isonicotinic acid-like’’ substances, and an unknown material(s 


Count ri tribution studies on the urine of one patient indicate that the sub 
stance which react lirect th evanogen bromide 1s actually isonicotinic acid. Studies 
on other patier re " yrog! ) until the work is complete it seems well to use the 


lesignatior or id lerivatives 
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mace nee ee ybtained dati i 
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ly The iso ol the urine specimet 
leteri ed codures ret olor lsonicotinie acid-like ma 
‘ s reacting d ( th evanogen bron e were determined " ght modification 
f the method of Ru Drekter, Scheiner, and De Ritter (10). As used, this procedure did 
not measure her u } y owever. in accord t} 
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* This patient ree \ soniazid in dail doses of 10 me per kg ill others received 


dail doses of 20 meg 
+ This subject received pyridoxine concurrently with isoniazid 
The urine of } OL se who had received test doses of tryptophar could not he 


ime acid-like” substances due to the presence of interter 


which has neither an ethylene dichloride-isoamy! alcohol-soluble hydrazine 
moiety nor a pyridine group which gives as intense a reaction with cyanogen 
bromide as isonicotinic acid. For obvious reasons the daily excretion of isoniazid 
and determinable derivatives in this pattern was always significantly less than 
the intake of the parent drug 

It is noteworthy that, although acetyl isoniazid was the major metaboli 
product in 5 of the 7 patients, in all but one case, excretion of this derivative 
was significantly lower than that in the subjes ts of Group 1. Conversely, excre 
tion of unchanged isoniazid was generally greater in the subjects of Group 11 
than in those of Group /. These findings suggest that formation of the third 


metabolic motety Is ace omplished at the expense ol acetylation of isoniazid and 


that metabolism in the direction of the undefined moiety may be more difficult 
than acetylation (when the latter can be accomplished as in the patients of 
Group I 
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Third metabolic pattern: The third metabolic pattern, represented by the 4 
patients ol G Ou] [11 (table 1), can be dese ribed with less clarity than the other 


two due to analytical difficulties’ which made it impossible t 


oO acquire com 
plete data 


It appears to he characterized. however. by 


a slower metabolism 
of isoniazid and lesset 


wetvlation of this drug than occurred in the other pat 
terns. Thus, in 2 cases, excretion of unchanged isoniazid accounted for more 


than 25 per cent of the drug intake, while in 3 subjects elimination of the parent 


drug actually exceeded excretion of the acetyl derivative. This third pattern 


may be no more than a quantitative variation of the second: however, in the 


absence of complete inalytical data, it has seemed advisable to consider this 


material separately 
Re lation ol metabholir 


patterns to peripheral neuritis: The occurrence of pe 


ripheral! neuritis among the patients ol 


various metabolic groups is shown in 
table | 


The contrast between Crroups and is especially striking. Thus, 
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none of the jects in the first group developed symptoms of peripheral neuritis 
vhereas 3 of 4 patient n the third group exhibited severe reactions The 
ibsence of neuritic symptoms in the fourth patient (St) may have been related 
to coneurrent administration of pyridox Me i therapeuti measure vhich has 


been remarkably effect n blocking the de elopment ol periphera neuritis 
during woniazid therapy (4 
The 7 subject ns oup // occupied an intermediary position vith respect to 
incidence of ne Letior Only 3 patients in the group (Wa, Bl, and Da 
ented v ped reactions. Of the other 4 subjects, one (Jor) received 
y 10 mg. per | oO of isoniazid. Two others (Bol and Cov) received the 
drug tor three and s, respectively. As the onset of periphera neuritis 
y delayed bey ‘ period 2.6 and as neuropathies are not com 
monly produced by mg. doses of isoniazid, the incidence of reactions in the 
econd group might ave been higher with more intensive or protracted 
treatment 
The finding tha nmpheral neuritis ippeared only among the patients ol 
(y oup li and J/// ! that the disposition of isoniazid in these groups differs 


whificantiy trom tha n Group / suggest that this neurologic disturbances 


re ited to the metaheo oll oniazid It should bye noted that the idence ol 


reactions was highest u patients vho excreted the largest amounts of un 
changed isoniazid and ist acetyl derivative. However, peripheral neuritis 
also occurred in one subject (Wa) who eliminated a substantial fraction of the 
viministered drug a the wety! derivative and less unchanged isoniazid than 
iny other patient. The common factor in all patients exhibiting neuritic symp 
toms appeared to be reduced ability to acetylate isoniazid and, as a conse 


quence, metabolism of the drug to an as yet completely undefined moiety 


DIs« 


The data acquired in the present study suggest that : ‘ three processes 
ire concerned with the metaboli disposition of isoniazid in man Lhe irst in 
volves acetylation of the terminal nitrogen of the parent hydrazide; the second, 
cleavage of the hydrazine group trom the parent drug to leave a residue which 

unogen bromide characteristic of isonicotinie acid; and 
the third, an undefined process (or processes) which results In one or more as 
vet unidentified metabolites. The first of these processes appears to be the pre 
ferred route in the metabolism of isoniazid in man since degradation of the 
parent compound Is most rapid when it predominates and least rapid vhen it 
assumes a subsid The third metabolic process appears least preferable 
degt dation isoniazid is slowest when it assumes an Important position 

Whereas previous investigations on the fate of isoniazid in man and lower 
animals have not iewed the total metabolism of the compound inh cyuuite the 
manner described above, the results of earlier studies support the ge al con 
cepts Thus eevera yvorkers 12, I. have noted that acety! isoniazid is one 
of the major metabolites ol isoniazid in man, and « xperiments in this laboratory 
1. 14) indicate that it is essentially the only degradation product in the monkey 


ind is formed with extreme rapidity in both man and monkey. Other studies 
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11, 15) have shown that humans and dogs excrete significant quantities 
isonicotinie acid-like substances. Cuthbertson Ireland and Wolff 16) have 
recently identified isonicotinic acid and isonicotiny! glycine : wo of the “ison. 
otinie acid-like’”’ deri ives in human urine; Ceriotti, De Franceschi, De 
Carneri, and Zamboni (20) identified isonicotinic acid as an excretory product of 
isoniazid in the rat. Several investigators (11, 15, 17 attempting balance exper! 
ments In man and lower animals have been unable to account for the total dose 


of isoniazid as either isonicotinic acid-containing or hydrazine-containing excre 


tory products This finding suggests that either a fraction of the dose has been 
degraded to an unknown moiety or is stored in the tissues. The lattes ippears 
to be no more than a remote possibility 

Comparatively lit attention has been given mm previous studi 
tions in metabolic f isoniazid in different individuals. There are imdica 
tions, however, that such variations do occur both in patients and normal sub 
jects Elmendorf, Cawthon Muschenheim, and McDermott 17) found that 
excretion of hydrazine-containing substances by various tuberculous patients 
ranged from 48 to 7] per cent ol the dose of isoniazid. Work ng W th normal 
subjects, De Ritter ar eagues (11) found nearly a twofold variation in the 
excretion of total tsoni ¢ acid-containing materials, while Demoen, Janssen, 
Van de Keere, and Ziko 13) recently reported fourfold variations in the 
elimination of tree isoniazid 

Although there have been numerous reports on peripheral neuropathi 
induced by isoniazid, 1 previous attempts have heen made t ate the dis 
orders to the metabolic disposition of the drug. The current observations are 


admittedly preliminary but suggest strongly a relationship between metaboli 


fate of the compound and occurrence of peripheral neuriti As indicated pre 


viously, it appears that the responsible agent is either one of the pre entiv un 
identified metaboli products of isoniazid or some intermediary associated with 
degradation of parent drug to such a product The appearance of this went may 
actually be due to a de t in acetylating mechanisms resulting from either an 
absolute deficiency of zyme A or an interference by isoniazid with the nor 
mal activity of th ) tor. In this connection it is pertinent that a defimency 
of pantothenic acid, a component of coenzyme A, induces peripheral neurop 
athies in the suckling pig (1S It is noteworthy that a deficiency of pyridoxine 
uso promotes per phera ! uropathies IS. 21) and that simultaneou ingestion 


of substantial quantiti this vitamin prevents neuritis ubjects receivin 
arge doses of isoniazid } The mechanism of this effect is obscure however 
studies are currently under way to determine whether pyridoxine or deriva 
tives alter the metabolic disposition of isoniazid 

Whereas the current study has been concerned primarily ith the relation 
between the metabolic fate of isomiazid and occurrence of periphera neuropa 
thies, the results have mplications lor general Use of the drug vhich should be 
mentioned. Demonstration that isoniazid has diverse metabolic fat irious 
human subjects suggests that therapeuti responses to the compoul d would he 
far from uniform. Since the metabolites of isoniazid eliminated in the urine do 


not appear to have act tv agaimst the tubercle bacillus (19) ane 


HUGHES, BIEHI JONES, AND SCHMID 


depends on presence ol iree drug, it should follow. other lactors heing equal, 
that therapeutic benefit would be least when the drug is most extensively acet 


viated and greatest when acetylation and, hence. alternate metabolism ar 


slowest ‘| his thesis is of such significance to the effective therapeuti use of 


isoniazid that it ought to be tested in a relatively large series of patients. If a 
relation is established between the metabolic fate and therapeutic effectiveness 


of isoniazid, modifications of the structure of the drug which would reduce 


attempts to prevent acetylation 


either the rate or extent of acetylation, or 
be in order. It is recognized, 


through use of blocking agents, would seem to 


however, that such modification may carry hazards with respect to an increased 


incidence of peripheral neuropathies 
SUMMARY 
he relation of the metabolic fate of isoniazid to the occurrence of peripheral! 


neuritis has been studied in a group of 17 patients treated with relatively large 


doses of this drug The results have indicated the existence of thre different 


the degradation of isoniazid. The first and preferred mechanism 


hanisms ! 
the second, 


tion of the terminal nitrogen of the hydrazine moiety 


olves acety nt 
age of the hvdrazine to form isonicotinie ac id or a closel related deriva 


tive ind the third and most difficult to achieve degradation to an as yet un 


Che occurrence of peripheral neuropathies was closely associated 


defined moiety 
with an ipparent defect in the acetylation of isoniazid and the presence ol the 


third pattern ol degradation 
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to metabdélico de la isontacida con la ocurrencia de neuritis 


t relativament« 


enfermos tratados cor 


grupo de 17 } 
esultados indicaron la existencia de tres mecanismos distintos 
cida. kl primer mecanismo, que es el preferido, comprende 
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THE ROLE OF BRONCHOGRAPHY IN PULMONARY TUBERCULOSIS 
M. SHAW, D. M. COLLINS : MACNAMARA 
1054 
INTRODUCTION 


tiv I ection in the treatment of pulmonary tuberculosis 


it has become giv essential to make a preoperative anatom« diagnosis 


of the extent ¢ 1¢ disease. Although bronchographic assessment of adult tuber 
culous patients was reported sporadically from 1927 onwards, the procedure was 
yeneralliy dered inadvisable in iew of the danger of causing spread ol 


disease by the introduction of a mechanical irritant or through the deleterious 


effect of 1odine-containing substances on the tuberculous infection 
Neuhoff predicted O44 e increased application of mechanical methods 
bronchogram on a par with the Roentgen fil 

n 1937, mentioned its use in the demonstration of bronchia 
1944 and 1945 that Dormer and his associates (2, 3) pub 
the incidence of bronchial dilatation in various t pes 
ind his associates emphasized the frequency of broncho 
with im infiltration and also the “bronchial nature 
m the plain film 


4) reported 100 bronchograms on patients who were being 
vho continued to discharge tubercle bacilli following collapse 
f these bronchograms were abnormal and, of 54 patients in whom 
11 had abnormal bronchograms Jones, Peck, and Willis 
vhich bronchiectasis was shown in the bronchogram, 

histolog! iled “spaces lined with necrotic debris—-no remnants oj the 
bronchial | found These writers relate the incidence of bronchiectasis to the 
| stress the importance of intrinsic factors in the production 

id the absence in the majority of cases of a proximal obstructive 

element, in contrac netion to their findings in bronchiectasis associated with the pr 
mary infection ckles and his associates (6), however, concluded that in the majority 
of their cases an obstruc lesion was or had been present, and called these cases “tuber 
culous brone! . bronchiectasis is opposed to a minority in which “true tuber 


culous brone! weation involving the whole bronchial wall was found 
\VIarchese and | reviewed the reported dence of undesirable reactions 
following bronchograpt! Che majority of complications were due to spread of the disease 
iulthough there wer lew ies of iodism, none of them fatal, and occasional instances of 
lipoid granulor formation. These writers concluded that postbronchographic spread 
occurred on wresence of a sputum positive for tubercle bacilli at the time of 
bronchograpl of the patients with reactions or complications had undergone bror 


chogt aphy n the days when antimicrobial thet ips had not been available to assist in the 


control of the lesion prior to the procedure 


From the London Chest Hospital, London, England 
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Che present investigation Was conducted for the purpose ol defining the 
alue of bronchography in pulmonary tuberculosis, to determine its limitations 


and dangers, and to reach a conclusion regarding its usefulness, with spec ial 
reference to its application in the surgical treatment 


The material consisted of 100 adults with pulmonary tuberculosis in whom 
satisfactory bronchograms were obtained. A high standard of technical excellence 
Was insisted upon and. for this reason, 13 ol 113 cases 


(11.5 per cent 
carded as being inadequate 


were dis 


but in the 
majority ot cases it was possible tO ASSESS the value of the bron hograms before 


seeing the operative and pathologic reports 


rhe review was largely retrospective 


V ethod 


Dionosil” was the t 


" ist medium used throughout the present investigations except 
or sulladiazine 


suspended in iodized oil was substituted. Dionosil® 
aqueous” ind Dionosil” oil 


j ire suspensions of prop) wqueous and oily 
vehicles, respectivel Propyliodone is the N 3:5-diuodo-4+-pyridone-N 


well recognized The fact 
from the 


occasions wher 


lhodone 
propyl ester of 


this new contrast medium 


is absorbed 


es 


cetre acid The propert ire now 
that the substance 


ind eliminated completely 


four to torty is established its use 


eight hours | 
introduced, Dionosil” 


lung fields in twenty 


tuberculosis. When first 


ilternative 


in pulmonary 
wqueous form. The 


to provoke coughing 


s used only in the 


used later as it was found less likels 


All of the 
prone hogr iphy was 


ifebrile and the dise 


solution was 


patients e series were ! treated as Inpatients me when 
out. The procedure was employed onl i patient was 
considered tobe u i quiet phase Premedicatior 


Wo 
ind opol 


given a deci 


Pantopon® 
was used as a routine. One 
iin lozenge (0.065 
inesthetized with X 


through a previous! 


hour after the premedication t » 


cords, and trache 


itient was 


gm The larynx 


i thoroughly 
locaine per cent 


solutior A J ujues catheter was passed 
inesthetized nostril 
of intubation. Only b nt 


d’’ method 


ind into the trachea, using the 
ubating the patient 


ol over 
onsider 


is it possible to have com] 
i and bronchioles, which the 


interpret bronchial changes 
of Dionosil” 


he filling of segmental 


writers 
essential bef 


attemp 


4 total of 14 to 18 e« 
the complete fillir 


solute | y 


was found to be the average amount ne 
wz of either bronchial 


of the usual methods 
idopted special ittentior eing paid to the filling of the upper lobes b 
of the table to ensure filling of the smaller 


t 
itien 


cessarv for 
tree. One ot 


posturing was 


lowering the head 


ipical bronchi and bronchioles 


On return to the ward wt is tipped until 
ontrast medium had b xpectorated 
chest roentgenogram wa obtal il twent four hours later 
be unnecessar ind w inued 


ws much possible of the 
During the initial stages of the stud i routine 


we 


but this pract 


OBSERVATIONS 


Complications 
Of the 100 patients 72 suffered no ill effects whatsoever 


The complications 
remainder were 


vhich arose in the as follows 


Twenty-two patients had a transient fe 


er of less than 100°] 
greater than 100°F. In neither of these groups was there 
2 patients with widespread bilateral bronchial changes 
by bronchitis, bronchospasm, and influenza 


ache \ third patient with 


any constitutional upset In 


ompanied 
Ke 8\ mptoms such as headache and back 


the lever was 
i fever of 102°} 


I. was found on roentgenographic examina 
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i 
ind 5 had a fever 
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uurs later to have a segmental collapse in the lower lobe on the 

ch the bronchogram had been performed. The atelectasis was transient and 

cleared up within three days. A spread of tuberculous disease occurred in only one 
patient. In this instance, sulfadiazine suspended in iodized oil had been used. In 
cidentally, this was the only occasion when a large tuberculous cavity was outlined 


with contrast material. The disease was bilateral, widespread, and active 


In general the patients in whom these complications occurred were those in 
whom the tuberculous disease was widespread. Therefore, when the disease is 
of this extent, bronchography should be used only if essential. Two patients 
with sputum previously negative for M. tuberculosis on culture were found to 
have acid-fast bacilli in the sputum on microscopy, a few days following the 


bronchogram 


Interpretation of Bronchograms 


Che bronchial changes in diseased segments fall naturally, but not inevitably 
into a progressive pattern which can be loosely correlated with the duration and 
severity of the disease. This is not to say that the pathology can be predicted 
from the bronchograms alone with any useful degree of accuracy. Furthermore, 
the bronchographic findings may be produced by two types of pathology: one 
in which the bronchial changes are centripetal and associated with peripheral 
pneumonic lesions, and one in which the bronchial changes are secondary to 


previous proximal endobronchial disease or bronchial compression. It must be 


emphasized, however, that the writers do not propose to make pathologic deduc- 


tions from the bronchographic findings 
It was decided to classify the bronchographic appearances on an arbitrary 


division into three grades, as set forth in table | 


rABLE 1 
or Broncnocraruic APPEARANCES IN 100 ¢ 


PULMONARY TUBERCULOSIS 


Beading of peripheral bronchi 
8) Slight distortion of bronchial passage, progressing 
wading 


ron of peripheral bronchi 


(jroas saccular bronchiectasis 
ross crowding 


leclusion of bronchus up to segmental orifice 
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th brone? 1 eve and third 
ivisions 
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lotal 
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TABLE 2 


INFORMATION DERIVED FROM THE BRONCHOGRAMS IN 100 ( 


PULMONARY TUBERCULOSIS 


1) New information of value in assessment 
B) Confirmatory evidence o1 


( Misleading 


il 


Total 


The distinction between bronchial occlusion and technical failure to fill the 
bronchi is not always easy, especially when minimal changes in the upper lobe 
are present. When adjacent segments were well filled and the bronchus immedi 
ately proximal to an occlusion showed other evidence of abnormality, occlusion 
in the affected area was assumed 

The information deri. 


table 2 


ed from the bronchogram was evaluated as shown in 


The 4 cases in which the information obtained was misleading (G 


roup f 
are discussed below Che cases in which only 


confirmatory evidence was ob 


tained include those cases in which a confident anatomic assessment of the 


disease had been made by standard roentgenography and tomography (Group B 
The majority were in Group A, 1.e., new information of value. The informa 


tion derived from the bronchograms in this group can be classified as follows 


inatomic localization (27 cases): The bronchogram was successful in localizing 


disease on a segmental basis when othe roentgenographic ter hnique s had failed to do 


so. This was especially so when the bronchial tree was distorted by previous collapse 


therapy or its complications and by gross contraction and fibrosis due to disease 


Le monstration of uns 18 per ted areas of bronchial damage 29 cases When disease has 


previously been present, its healing may be accompanied by clearing of roentgeno 
graphic shadows. The finding of persistent bronchial damage on the bronchogram is 


an index of previous infection. When these changes are localized to the apex of th 


ower lobe, their discovery is of considerable value, as in this segment the 


origin il 
disease may have been overlooked 

Demonstration of healthy segments (21 cases): The well-known tendency for anteri 
orly placed segments to escape involvement by tuberculosis was borne out by the 


large number of cases in which bronchial damage was found to be absent in these 
areas. In upper lobe disease the finding of a normal anterior segmental bronchus has 
made the surgeon feel justified in conserving a large volume of healthy lung 
Patients subjected to surgery: 1t was possible to make a critical analysis of the 
56 cases which came to thoracotomy (table 3) 


Of the 44 cases in Group A (new information of value), 
previously unsuspected 


13 showed disease 
13, an uninvolved segment; and in 18 the localization 
of disease was precisely defined 


In 37 cases a definitive operation was planned on the bronchographic findings 


33 of these the findings were exactly as predicted. In 4 cases, segmental resee 
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right up} 


t he 
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segmenta 


il 


involving 


of peripheral bronchi 


ch imges 


Minimal 

Minimal crowding of branches of posterior segme 
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M. A., showing Grade 2 changes in the posterior | 


ili 
terior segments of t rig ipper lobe At thoracotom t he vhole right upper lool it 


first appeared involved but, on removal of the posterior and anterior segments " pal 


pably normal api nent remained 


tion of the lobe was predicted, but lobectomy was performed on the finding ol 


subpleural nodules in al segments 


There were 4 cases i vhich the information was considered mist viding. In 


one, in which a lett lower lobectomy was done, the bronchogram fa led to demon 
strate disease in the left upper lobe which was found at operation In another 
instance the nguin WAS mistakenly identified as the anterior segment ol the 


upper lobe. At ation, the lingula was found to be diseased, whereas the an 


terior segment of the upper lobe was normal. In the third, the middle lobe was 


thought on the bronchogram to be diseased, but at operation appeared to be 


healthy on palpation. In the last case, disease was found in all segments in the 


upper lobe at operator vhereas the brone hogram had been interpre ted as show 


ing disease in the apical and posterior segments only 
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TABLE 3 


Waren ¢ ) ORACOTOMY 


ssesament 
(ontirmator 
f Misleading 


rABLE 4 


or Oreration Perrormep tnx 75 Cases or Putmonary Tuserct 


Thoracoplast 
Resection 
=e gment 
Lobe(s 


Lung 


Che type of operation performed in 75 cases submitted to surgery is shown in 
table 4 

When thoracoplasty was performed, the decision was often influenced by the 
bronchographic demonstration of such widespread abnormalities that it was 
considered that insufficient healthy tissue would be left were resection carried 


out 


DISCUSSION 


Che information to be obtained from bronchography is of two types: anatomic 
and pathologic. In this paper, no attempt has been made to correlate the bron 
chographi appearances with pathologic findings, as a precise correlation can 
only be achieved by an extensive study ol operation specimens Attention. 
therefore, has been directed to the anatomic aspect, and it is submitted that here 


bronchography offers an advance in the roentgenographic assessment of the 


patient in whom surgical treatment, especially resection, 18 being considered 


It should be emphasized that abnormalities of the bronchial tree were frequently 
found In association Ww ith roentgenographic disease hitherto ( onsidered to affect 
only the parenchyma These abnormalities were present at any level in the 
bronchus, from the periphery to the hilum. It cannot be claimed that these 
changes are peculiar to tuberculosis; similar changes may occur in other forms 
of chronic bronchial disease, but the frequency with which they were localized 
to areas of the lung known to be the site of tuberculous infection indicate that 
they are probably due to tuberculosis per se Bronchial changes were present in 


the majority of the cases studied In only 4 cases was there a failure to demon 


4094 
\ 

vt 
‘4 
‘ 

PRRA ASF 
Total 75 
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strate bronchial abnormalities In segments discovered at operation to be the 
seat of tuberculous disease. As the series was preselected in so far as broncho 
grams were done in only those cases in which surgery Was contemplated it Is 
not possible to form any opinion of the over-all frequency of bronchial involve 
ment as demonstrated by the bronchogram in pulmonary tuberculosis 

The value of the bronchogram lies chiefly in the definition of the segmental! 
localization of disease (se¢ figure 4 It may he argued that tomography in 
various planes offers an adequate means of def ning segmental anatomy It is 
suggested that, when the bronchial tree is distorted, for instance, under a thick 
ened pleura or pleural effusion, or when paramediastinal collapse is suspected, 
the most accurate means of establishing the exact anatomy ts by bron hography 
Again, when isolated disease lies close to a fissure, the bronchogram remains 
the best means of demonstrating its precise position. When upper lobe disease 
and apex of lower lobe disease coexist, the lower lobe disease may not readily 
be detected on plain roentgenography and tomography alone. Resection pet 
formed in such cases may involve a more extensive operation than is anti ipated, 
and re-expansion of the remaining portion of the lung to fill the pleural space is 
frequently a problem 

Conservation of healthy lung tissue must be a major consideration in the sur 
gical treatment of the tuberculous patient; In many ol the patients who came 
to thoracotomy, it could be confidently predicted hefore operation that healthy 
segments existed which could safely be left in situ. Finally, when widespread 
bronchial involvement is encountered, it may explain an otherwise puzzling 
degree of respiratory insufficiency 

There are few disadvantages to this method of Investigation rhe spread ol 
tuberculous disease has hitherto been considered to be a major hazard but 
has occurred in only one of the patients as mentioned above. In the early stages 
bronchograms were performed chiefly to show the state of the bronchi and, 
by inference, the lung. It was expected that a pulmonary segment with a normal 
bronchial tree would prove eventually to be free of tuberculous disease. This 
although a useful working hypothesis, was not found to be strictly true, as a 
normal bronchial tree is compatible with small nodules in the lung tissue It 
might be reasonable, however, to postulate that lung units with normal bron 
chographi« outlines do not contain the type ol disease that warrants surgical 


intervention 


SUMMARY 


rhe application and the value of the bronchogram in pulmonary tuberculosis 
are reviewed in 100 patients under assessment for surgical treatment of thei 
disease 

The frequency of bronchial abnormality is emphasized, and the broncho 
graphic appearances are ¢ lassified 

Bronchographic investigation provides a method of segmental localization 


of disease unsurpassed by other available roentgenographic procedures 


The use of bronchography is recommended in all cases of pulmonary tuber 
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INTRODUCTION 


Evaluation of segmental surgical excision nm pulmonary tuberculosis is now a 
current problem. Therefore, the writers have studied 70 consecutive patients who 
underwent removal of 130 portions ol tuberculous lung of segmenta multiple 


segmental, or smaller size. The purpose of this paper is to report the pertinent 


roentgenographic, pathologic, and bacteriologic findings together with the dura 


tion and kind of disease type, extent, results, and complications ol pulmonary 
excision. The data are organized, not only to provide additional evidence for 
evaluating the place of sublobar surgical excision of the tuberculous lung, but 
also to shed more light on the problem of resection of residual necrotic lesions 
ia 

MATERIALS AND METHODS 


The dat rning re and sex show no unusual distribution. and 
more than sixts ears re withstood the operation well (table | 
Duration of disease The duration of disease since first diagnosis, before 
ger is shown in table 2 These data prove that these cases were chron 
mately 89 per cent (all except 8 early primary cases) of the patients having had a duratior 
of disease of more than one ear. Added to this table is the classification of Overholt. Woods 
ind Wilson (3) for separation of the segmental operation into primary, secondar 
primar Secondar operations were preceded b collapse or resection procedure 
pneumoperitoneum in 21 cases, 30 per cent of the 70 patients. Forty-one (59 per 
primary excision; of these, 17 (41 per cent) had a duration of disease of four or more 
the secondary group of 21 cases (30 per cent of the entire group), 17 patients (SI 
had a duration of disease of more than four vears. Thus. the secondar 
had a much longer duration of disease than the primary group 
Intiimicrotnal the apy All patients had some antimicrobial ther ip If 
figures | and or years before segmental resection, it was always give 
surge! ind was continued for varying periods thereafter. Thirteen patient 
one week of antimicrothal therap before surgery were 
column ‘“O-4"’ in the data of table 3. All 13 of these patic 
tive for tuberele bacilli preoperatively and postoperatively. More tha: 
timicrobial therapy preceded surgery in 26 (37 per cent) of the 
itients (63 per cent) had antimicrobial therapy zero to four months 
therapy since Februar 1952, has been ‘“‘triple treatment’’ consisting 
usus 2 gm. per week; para-aminosalicylic acid (PAS), 12 gm. per da 
00 mg. per Preceding February, 1952, streptomycin, | gm. five times 


PAS, 16 gm ‘ vas the regimen employed 
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Fig, 1. Surgical pathology specimen showing a blocked cavity filled with soft caseous 
material highly positive for tubercle bacilli on smear and culture. The patient was a 34-year 


old white female who had a secondary right upper lobe apical segmentectomy. Preoperative 


sputum and gastric washings were negative for tube rele bacilli for ten vears Preoperative 


intimicrobial therap was given for nine and one-half months 


IMETRICIICM 


Pia. 2. Surgical specimen showing the right upper lobe apical segment with partiall 
stenosed bronchus draining the cavit The patient was a 23-year old Chinese female with 
sputum consistently positive for tubercle bacilli preoperatively in spite of seven ind one 
half months of antimicrobial treatment during a nine-month period. Duration of disease 
was three vears. Cavit re 1 culture were highly positive for W. tubers 
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Antimicrobial Surge 


iques of operat were performed, whicl 


ior 


tom more segmet hobectom plus one OF mor 
itions less tl its; one segment or two segments onl one 
ts; three segments wedges and excisions or 


plus excisions | segmet 


SEGMENTAL 
TABLE 1 
SEGMENT ReEsecTION FOR PULMONARY TURERCULOSIS IN 70 PATIEN’ 
Age and Sex at Time of Surget 
Mw PEMALS I REMARK 
15-20 Youngest. 18 vears. Oldest 
21-25 | years Largest group 
26-30 14 to 40 vears 
1-35 
40 12 15 
11-45 
51 55 
56-60 2 4 
61-65 | 2 
66 
Pot 2 70 
rABLE 2 
SEGMENTAL ResecTioN 1x 70 Patriens 
rime 
6 2 2 21 
pris 
Potal 10 
rABLE 3 
SEGMENTAL Resecti any Ti nercucosis iN 70 Patient 
ASE 
Secondar ) 0 0) 21 
Total ‘0 
Operative technique: Several tech 
livided ir excisions 
or enuclk more seg 
ments, enucles 
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orn PutmMonary TuRBERCULOS 


(operative Te hniques oft 


Lobectom ' me or mo ll segmentectomies 
ments ] wedge segmentectom 


clamps 


obectom pi mo 2 excisions with wedge ind clamps 


or enue t ‘ 15 enucleations without clamps 


Api il* posterior left upper lobe 
oO segments 


or more segmet 5 wedges with clamps 
a8 than segment 5 enucleations without clamps 
Three segments 2 upper lobes in lungs without 


hasures 


Wedges and excisior ru ‘ 5 enucleations without clamps 


less than segment wedges with clamps 


Jacksor 


tions leas than segment ib Iwo tubes were routine d for pleural drainage with 
suction 


One hundre ancl ft rt portions of dise awsed lung were excised from the 70 patients Ap 


proximate! ol ‘ vere encapsul ited nodules | to 2 em. in diameter the other 
ninety were ol ! or lobar magnitudes. Decision to perform enucleations or excisions 
of nodular dis s made by the surgeon at the time of surger' 

The apie erior segment of the left upper lobe was considered as one segment onl 
swecording to the Jackson-Huber (4) classification. In conserving lung by these sublobar 
excisions, due regard ‘ iven for the expansion of remaining segments in the homologous 
lobe. but occasional |. flesh fibrotic subsegment of atelectatic lung was left in the 
ipical segment of the wer lobe without apparent sequelae 

The technique deseribed Churchill in 1939 (5 o orginated segmental resection 

satistactor most instances. The modifications described by Overholt and Langs 
6) and Chamber na opstock (7) were also used. Such subsegments were usuall 


sected without ov ng the visceral pleura and vith a minimum use ol clamps 


RESULTS 


C‘omplication There were 121 different complications table 5 As in every 


segmental resection airtight closure of the visceral pleura was not attempted, air 


always leaked into the pleural cavity from fractured, sutured, or incised lung 
If there was no detectable air leak found at the time, the pleural tubes were re 


moved, usually by the fourth day, and the air leak was not recorded as a com 
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All closed in five 
out further 

2 Lloesser flay 
ur closure 


inst suc 


All cleared within three months 

All cleared within two months 

Temporary 

10 re-expanded withir 
ne-half months; 2 responded 

closed thoracotom 

expanded 

} responded to whole blood trans 
fusions; | died in six hours post 
operativel 


Subcutaneo cleared | three da 


Hematoma 
site All cleared roentgenographicall 
within three months 
Both had bilateral disease pre 


surgicall 


Responded well to radioactive 


iodine therapy 
is an emotional prob 
lem presurgically 
Patient ilso had postoperative 
hemorrhage*) died six hours 


postoper itivel 


1 died five and on 
half months postoperativel 


tuberculous meningitis 


th sputum pos 
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Compu Resuuts of SuRGERY | Series or 70 
Mi 
wher Ane 
I 
Air leaks 
lransient toten davs witl Z 
eatment 
Persistent B.P.F.); second 
nd 5-nb thoraco 
cess! ul 
Pleural react ind thicker 
ing 
Pleural fluid 24 
Atelectasis 5 
Air space nonexy na ing 12 
Postoperative hemorrhage 
Thyroid crisie 
Incisional pain 
Excessive shock 
Leak or contaminatior it Sul 
ger uptured cavit or 
> ‘ 
for tubercle bacilli post sur 
ger 6 All have bilateral disease 
Cor pulmonale righ hea 
) wrt hours postoper 
Died eigi i IM 
il 
[Tota 121 
* (Counted with postope t e hemorrhage 


caseous lesior m ‘ figure 


Same case as figures 2 ar } ote the 
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plication. If the air leak persisted for more than five days but did not progress to 
another pleural complication, it was classified as “transient lf the air leak 
appeared to be associated with opening ol the segmental bronchia stump, or 
de elope d into more serious pie ural ¢ omphe ation, it Was classified as persistent 

Of the 3 patients with persistent air leaks, 2 had bronchopleural fistula with 
empyema and were successfully managed by Eloesser flap drainage. Success in 
the third patient was attained by thoracotomy, suture of the bronchopleural 
fistula, and simultaneous five-rib thoracoplasty 

Pleural reaction or thickening occurred in 39 patients (56 per cent lwenty 
four patients, some of whom are recorded as having pleural thickening, also had 
pleural fluid. Within two to three months, these minor pleural complications 
usually disappeared and had no serious effects on the clinical course. Roent 
genographically ome permanent pleural changes could usually he detected 

serious Complications ine luded postoperative he morrhage clotted he mothorax, 
empyema, excessive shock, right heart failure, and meningitis. Postoperative 
bleeding and excessive shock were combated successfully in 3 patients by whole 


blood transfusions asoconstricting drugs and whole adrenal extract, but one 


additional patient died six hours postoperatively An additional death occurred 


na patie nt who had a twelve-vear duration of bilateral disease and cor pulmonale, 
underwent lobectomy with segmentectomy, developed right heart failure, and 


died forty eight hou postoperatively 


lateral planigram of the chest showing | ed necrotic 


Fig. 4 Right reop tive postero-anterior planigram of the chest at level 7 showing 
indistinetl mee rt ous lesion in the ipical segment ol the 


failure of even these more sensitive 


genog! iphic examinatior to demonstrate t he disease seen i figure 4 whict 


ntiaining cavi 


Fic. 3. (Left) Preoperative 
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RESECTION FoR PuLMONARY TUBERC 


entgenographic and Pathologic Findings of Surgik 


Specimens in 50 Cavitary Cases 


Of 7 cases of contamination of pleural cavity at surgery, in 6 there were no 
untoward effects, but one patient died of tuberculous meningitis five and one 
half months after operation, although his sputum was negative for tuberel 
bacilli since the segmental resection 

Correlation of roentgenographic and pathologic findings: An analysis of the 
correlation between the roentgenographic diagnosis (figures 3 and 4) and the 
pathologic findings in the surgical specimens (figures | and 2) was made utilizing 
routine and planigraphic studies. This correlation included six morphologic 
categories which could be diagnosed both roentgenographically and pathologi 


cally in the surgical specimen (table 6). The usual excess of extent of disease found 


over extent ol disease predicted by roentgenography Was observed On id poorly 


localized and or nonencapsulated caseous lesions, only 9 (56 per cent) were 
predicted by roentgenography. Of the 14 such roentgenographic diagnoses, only 
(4 per cent) were correct 

Of the 59 cases in which « neapsulated caseous foci were demonstrated in the 
surgical specimens, 54 (92 per cent) were diagnosed by roentgenography. In the 
surgical specimens, 4 so-called encapsulated caseous foci were demonstrated to be 
former cavities which had become blocked by fibrous obliteration of the broncho 
cavitary junction 

Of the 39 cavitary cases found in the surgical specimens, 26 (67 per cent) were 
correctly predicted by roentgenography Thirteen (33 per cent) were not diag 
nosed by roentgenography, but all 13 had significant roentgenographic lesions 
figures 3 and 4). Of the 33 roentgenographic diagnoses of cavities, 26 (79 per 
cent) were verified by the pathologic findings The 7 cases of false roentgeno 
graphic predictions, amounting to 21 per cent error, had multiple noncavitary 
lesions 

Parenchymal! fibrosis was found in 54 (77 per cent) of the cases, but only 32 
59 percent) were correctly diagnosed roentgenographically. Thirty-five roentgen 
ographi diagnoses of parenchymal fibrosis were verified in the surgical speci 


mens of 32 cases, a 91 per cent correlation 
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rABLE 7 


FOR PULMONARY RESECTION IN 


tacteriology of Surgical Specimens 


Patients witl 
sputum 
Patients 


sputum 


* Sime 


womogenized lung tissue prepal 


ortnight o month! 


aN hours postoperativel hemorrhage and excessive 
months postoperativel vith meningitis, sputum negative 


postoperativel icute cor pulmonale Also 4 persistent! 


ontralateral side exe 


preope rative 


itment 


Atelectasis and bronchiectasis were rarely diagnosed from preoperative roent 
genograms Howe er. these frequently were found on pathologic examination ol 
the surgical specimen 

Bacteriologic findings: The bacteriologic findings are shown in table 7. In 26 
patients who had sputum negative tor tubercle bacilli for a period of six months 
or more before surgery, 6 had «ac id-fast bacilli on microscopy ol the resected 
specimens, and 2 had culture positive for tubercle bacilli. These 2 cultures from 
surgical specimens were Irom patients who had had very little preoperative antl 
microbial therapy Ct the group ot 26 preoperative nonimilectlous patients, 12 
specimens negative tor ac id-fast bacilli on micros Opy and 17 negative for tubercle 
bacilli on culture were found, Moreover, all patients in this group of 26 remained 
noninfectious after segmental resections of then pulmonary disease even though 
in 3 cases there was accidental pleural contamination by caseous material 

In the group of 44 patients who had sputum positive tor tubercle bacilli at 


the time of surgery the specimens resected from 16 (36 per cent) were positive 


for acid-fast bacilli on mi roscopy and the specimens resected from 6 patients 


were positive tor tubers le bacilli on culture. Resected specimens negative lor 
acid-fast bacilli on microscopy were obtained from 16 patients and, from an 
additional 7, the specimens were negative for tubercle ba hi on culture 

In the study of end results (follow-up after surgery) of 41 patients, 35 (85 per 
cent) now have sputum negative for tubercle bacilli and 6 (15 per cent) are still 
discharging bacilli postoperatively. Of the 6 patients in this group who are still 
infectious, 4 had bilateral disease and one patient had an ipsilateral spread ol 


disease before segmentectomy. It is interesting to note that, in the group of 


MRER OF 
ear® ( ture me ‘ 
preot ‘ positive 
Sear includes pus ed with Ziehl-Neel 
positives culture Of sputum or gastri 
vashings for mth efore surget 
$3 addition ents died 
shock ome five and one-half 
infectious patients had disease On (EEE et one who had psilateral 
pread 
2 ‘ ‘ ous sputum had ver ittle antimicrobial 
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patients who were noninfectious presurgically, microscopy of the specimens re 
vealed acid-fast bacilli in 23 per cent and culture revealed tubercle bacilli in 8 
per cent; while in the group of patients who were infectious at the time of surgery 
the resected specimens were positive by microscopy in 36 per cent and by culture 


in 13 per cent 
DISCUSSION 


It is apparent from the data presented in this paper that a long preoperative 
duration of disease is not in itself a deterrent to success in segmental surgery 
The pulmonary tuberculosis usually remains localized in a segmental fashion 
This allows the disease to be successfully managed by the segmental type ol 
resection, pro\ ided the host parasite balance favors the host by suppression ol 
detectable tubercle bacilli, either naturally or through the action of antimicrobial 
therapy 

It is also apparent that serial roentgenographic examination with lateral and 
anteroposterior planigrams are an important guide for the interpretation ol most 
lesions amenable to segmental resection Bronchograms with rapidly eliminated 
water-soluble contrast media should probably be utilized more often to aid in 
delineating bronchiectasis and segmental bronchial stenosis. However, the 
surgeon at operation is often faced with the decision to excise or leave significant 
lesions not detectable preoperatively by roentgernographic or clinical study 

The bacteriologic findings indicate that, among a group of patients with sputum 
for tubercle bacilli preoperatively, there are almost as many lesions 


bacilli or culturable tubercle bacilli as among patients 


negative 
containing acid-fast 
with sputum containing tubercle bacilli before operation. Antimicrobial sup 


pression by streptomycin PAS, and isoniazid, as well as factors related to 


probably prevent the true viability of the tubercle bacilli from 


CaseouUus 
being detected by the cultural methods now being used. Otherwise, there should 
be a higher percentage of positive bacteriologic findings in the surgical speci 


mens ol those patients with sputum or gastrin washings positive for tubercle 


bacilli at the time of surgery 

Segmental resection techniques are accompanied by more complications than 
lobectomy and pneumonectomy, but even the serious complications can usually 
be overcome without jeopardizing the final result. The 3 deaths (early and late 
would probably not have occurred if these patients had had thoracoplasty in 
stead of segmental resection 

Maintenance of the noninfectious state postoperatively has occurred in all 26 
patients with sputum negative for tubercle bacilli at time of surgery. This low 
relapse rate indicates a superior degree of the rapeutic eflectiveness of segme ntal 
resection over collapse measures, but follow-up observations for a longer period 
of time will be necessary to confirm this. Reversal of infectiousness postopera 
tively occurred in 85 per cent of the patients who were discharging tubercle 
hacilli at the time of operation Only one late death has resulted to date during 
the four years since the first segmental resection 


Excisional therapy has been especially designed to overcome the tendencies 


4 
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for pulmonary tuberculosis to recur after other forms of treatment, both medical 
and surgical 

Two proble ms concerning the place of surgical resection in chemotherapeuti 
cally suppressed residual caseous lesions are W ill tubercle bacilli reappear in the 
sputum i the caseous necrotic lesion ts resected? Follow up observation of the 
present series is too short for a positive answer, the longest being only four years 
since surgery. Nevertheless, at this point the evidence is in favor of the idea that 
segmental resection of chemotherapeutically suppressed residual caseous lesions 
will markedly decrease the relapse rate in those patients with sputum containing 
tubercle bacilli at the time of surgery. Of 41 such cases, the sputum has remained 
infectious postoperatively in only 6. In 5 of the 6 cases tuberculosis has been 
present in the opposite lung, and in one case an ipsilateral spread of disease had 
occurred, Hence, recurrence of continuation of the infectious state in these cases 
was caused by active disease other than that for which segmental resection was 
performed 

The second problem is how long should antimicrobial therapy be continued, 
both before and after surgical excision? At the present time, if a resectable seg 
mental lesion has been suppressed with absence of tubercle bacilli from the 
sputum for six months and recurrence after drug therapy is deemed probable 
because of the original amount and character of disease surgical excision is 
usually advised. More experience is necessary before the duration of post-resec 
tive chemotherapy can be accurately defined. In the present series, however, 
antimicrobial treatment has been discontinued after two to six weeks in the 26 
patients who were noninfectious preoperatively, unless surgical complications 
warranted a more prolonged course up to four months. Antimicrobial therapy 
is being continued beyond four months in the 6 patients who have continued to 
discharge tubercle bacilli following surgery 

Preoperative roentgenographic and bacteriologic examinations were in only 


fair agreement with the bacteriologic and pathologic findings in the surgical 


specimens. The indications and status of excisional therapy for suppressed 


caseous necrotic lesions should be made more secure by study of the degree ol 
such correlation in a larger series of cases The experience from the present 
series is such that it would seem warranted to continue critical investigations of 
segmental resection combined with antimicrobial treatment to be compared with 
the results obtained by nonresection measures augmented by prolonged anti 
microbial therapy 
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INTRODUCTION 


Marie Krogh showed that a small amount of carbon monoxide can be used 
effectively as a tracer to study the diffusion of gas from the pulmonary alveolar 
space to the blood in the capillaries (1). Her results concerning diffusion of the 
indifferent gas, carbon monoxide, have been confirmed and it appears that gas 
diffusion across the pulmonary alveolar structures into the capillary blood is 
independent of pulmonary volume up to a certain point. When the volume 
becomes larger, beyond that point, the rate of carbon monoxide diffusion in 
creases significantly 


The validity of the method was tested in normal men before attempting to 


apply it to patients with pulmonary pathologic states. The results are used 


further in the present study to obtain a more detailed interpretation and evalua 


tion of gas diffusion across the alveolar-capillary membrane in normal man 


METHOD 


The lung volume d its subdivisions were obtained in the sitting position by the method 
of Cournand and nis assoc! y 4 The intr ipulmonary mixing index was measured b 
determining the per cent of nitrogen retained in the alveoli d of a seven-minute 


period of breathing | per cent oxygen (2 


| pulmonary alveolar ventilation on intrapulmonar 


lo minimize the effect of unequa 
subjects were elimmated who had nitrogen retention greater 
thing 100 per cent oxygen for seven minutes 
100 per cent carbon monoxide were mixed with 10 liters of room 
Phe spirometer was attached to a Cournand five-v respira 
was attached to the valve svstems to facilitat thorough 
d room air in the spirometer 
placed in the sitting positior ith th = closed around 
respiratory valve. kach one was asked to maximal 
the subject inspired maximally from recording spi 
quickl one-half of the inspired gas containing carbon 
ve was turned to stop the gas flow in the svat \ sample 
of this expired gas was collected and analyzed for carbon monoxide according to t method 
of Roughton and Root 77 fter a period of six seconds the patient exhalee iximall 


nd rapidly the remaining g lungs. A second sample 


i pre 


evacuated gas samp oottie ne ilvzed for the 
ion Hospital; Department of Medicine ind Depart 
niversit of Minnesota. Minne ipolis Minnesota 
Medical School of ¢ iversity of Texas, Dallas 


23,15: 
Texas 
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In deve oping the ! pretation of the experiments wssumed that the r of 


irbon monoxide upt difflusion-controlled, and later estimate is given to show 


that the resulting erro no more than 10 per cent It is also assumed that the cross 


sectional area involved in diffusion is less than the anatomic membrane area, whatever the 


size (molecular or greater) of the ‘“‘interstices’’ through which the diffusion occurs. This is 


onsistent with the findings of Shuler, Dames, and Laidler (4), who reported the total area 
of collodion membranes to be approximately ten thousand times the interstitial are 
\ mathematical expression deseribing the effective alveolar surface (pores or 
may te developed is the following 
interstitial area or average cross-sectional area involved in diffusion 
membrane thickness or average diffusion distance, yu 
per cent of carbon monoxide in lung gas at time f (sec 


1/7, 


ibsorption coefhicient of carbon monoxide in plasma at 37°¢ 


diffusion newt! of carbon monoxide in plasma it oa em 


lung volume ring the experiment) reduced to standard temperature pres 


sure iters 
p itmospheric pressure, mm. of mercury 


Then, according to the well-known Fick's law of diffusion 


10° Ra D,/ 760) -q 


7601 
log 
aD, 


According to O’ Brier d Parker (5 a 0.0143 in human plasma at 37°C For D, on 
the other hand, no measurement has yet been published, but it can be estimated as follows 


\. Krogh (6) gave results showing that D for carbon monoxide is approximately 0.70 times 


that for oxvgen which 18 a ) <imately 5.2 « 10 it 3a ¢ In water wecording to an ¢ 


lation of the measur of Tammann and Jessen (7) at somewhat lower tempera 
tures. Longmuir and Re 8) showed that D for ibout inversely proportional 
the viscosit ( hemoglobin solutions ind the measurements of Bingham 


ind Roepke ov t ormal human plasma is approximate 05 times as viscous 


estimate for D. these v ues give 

2 O5 
becomes 
log 


n terms of M. Krogl 


Actuall 
cessive membtr 


be shown tha 


membrane 
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R 
dl 
so that 
is water at 37 As a fina 
i) 
With the above values f , 
0.50 d 
P| 1/7 i simplihed representation for ombination of two sur 
ine layers | gi nd / respective It can read 
this is 8 he 
However t not et e to measure nd separate that these reter 
to alves il ind capi en ranes 
The ratio R&R between the erage area and thickness of the respiratory === js 
physiologic characterist f the dividual’s lungs. This conclusion is supported 
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Harrop vation that and the susceptibility to mountain sickness are inverse 


related ‘ ot ndependent of altitude 
lo « m ' or of assuming that the gas transfer is diffusion-controlled, one 


for the rate of the reaction 
Hb 


applying the Arrhenius equation (12) to Roughton’s rate v ilues, it is found that the 


wtion of equation (V) has an experimental activation energy of approximately 12 kilo 


calories p ol nd a rate constant of approximately 960 liters per millimole per second 


at i i of blood passes through the lungs during the experiment, if R = 20 
if the ung ¢ spillaries contains in average of | gm. of reduced hemoglobit 
per LOO ce <7 on's rate constant implies that leas than 10 per cent error is caused 
I wseumMi! gas transfer is diffusion-controlled and that the carbon monoxide 


tension is neg thin the capillaries 


RESULTS 


Nitrogen retention in the pulmonary alveoli, alter breathing 100 per cent 


oxygen for seven minutes, was less than 2.0 per cent in all normal persons. The 


mean pulmonary residual volume was 1,682 cc. in the sitting position. The 


normal range of R was 15 to 31 square meters of area per micron of thickness of 
functional respiratory membrane. The mean F# for 12 normal persons was 20 
Chere was no correlation between # and the pulmonary volume in these cases; the 


range of volume is listed in table 1. The value for R did not increase with lung 


TABLE 1 


Squarne Merers or PULMONARY ALVEOLAR SuRFACcE PER Micron or THIckNess 


tesprmaTORY Memeprane ann Krogu’s Dirruston Constant K anno 


Standard 


Minus “ 


L™ 
Te ARE b 
RETENT MONOXIDE 
wei 
1.315 7.12 wo 15 687.2 
2. R 2.05 1,100 0.95 357 6.35 wo 15 600.6 
1.05 1,139 1 28 2.816 7.61 i= 16 680.6 
1.70 1, 300 1.34 2.800 8.16 3.1 17 6890.8 
5 H.W 1.79 2,171 686 6.58 5.1 Is 600.8 
6 RI 1.31 278 7.65 6.2 Is 
7. R. 8S 1.78 0.42 2 O52 3 606 .7 
1.9 1,721 728 7.73 11.9 21 6880 
oJH 1.4 1,951 0.87 25 2 692.1 
1.06 235 1.09 5, 243 5.81 401 690.6 
1.70 R70 | 47 R45 UN 6.1 
Rk. W 625 | 27 247 13.11 61.6 691.6 
Mean values 1, 682 a” 
temperature pressure dt 
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expansion until the lungs were filled beyond two-thirds of their capacity. The 
value of 15 to 31 square meters of functional pulmonary respiratory surface is 
approximately one-fourth of the corresponding anatomic area if the membrane 
thickness is | micron. A. Krogh (14) reported values that imply corresponding 
ratios of 0.4 for muscle, one-third for connective tissue, and one-fifth for india 
rubber 

lo relate the present results for R to oxygen respiration it is first necessary to 
use metabolic rates to estimate the normal rate of oxygen uptake The average 
man requires approximately 2,500 kilocalories of food energy and 22 moles, or 
700 gm., of oxygen during a day of sedentary occupation. This necessitates the 
equivalent of a 4.5 per cent change in oxygen content of 13 kiloliters of gas or an 
oxygen uptake of approximately 0.25 millimoles per sec ond, With this value, and 
assuming that R 20 and (Da)o 17 em?’/sec., it can be calculated 
from Fick’s law of diffusion) that the average oxygen pressure is 4 mm. of mer 
cury less in the alveolar capillaries than in the alveolar air. This is an average 
for all of the blood in the capillaries between the pulmonary artery and the 
pulmonary vein-——in the flow-wise sense According to A. Krogh, the diffusions of 
carbon monoxide and oxygen across the alveolar membrane are physical processes 
related to molecular weight and tension. Thus, there are small differences between 
the diffusion characteristics of oxygen and carbon monoxide. Using the known 
values for oxygen diffusion and on chemical reactivity with hemoglobin, the 
following may be calculated 

The volume rate of flow in the capillaries can be calculated: if Q is the volume 
of blood pouring through the pulmonary capillaries each second, and if it has 
0.08 0.7) & (0.15/16,800) moles of hemoglobin oxygenated in each cubic 
centimeter of this blood, then Q 2.5 K 10-/(0.98 — 0.7) & (0.15/16,800) is 
approximately 100 ce. Thus, the blood flow through the alveolar capillaries is 
approximately 100 cc. per second at rest 

It is also possible to estimate both the velocity of the capillary blood flow and 
the average time of blood passage through the lung capillaries. These estimates 
are based on available histologic and anatomic data which determine the amount 
of blood in the capillary network. The capillary inside diameter is approximately 
8 microns (16), and much of the capillary network is exposed to air on two sides 
16). Moreover, approximately seven-tenths of the aerated surface is the amount 
of the exposed capillary surfaces (16, p. 467). Hence, an aerated surface of 80 
square meters corresponds to a capillary bed covering approximately 40 square 


meters (80 & 0.7 X 0.7, or approximately 40), which allows for (1.0 — 0.7)/0.7 


or approximately half of the capillaries being exposed on both sides. The thickness 


of the capillary walls is approximately | micron (17), and the inside height of an 
equivalent rectangular cross-section is r X 8/4 X 8, or approximately 6.3 mi 

crons. As a final result then, the lung capillaries are estimated to contain approx 
imately 40 10° 63 + 2 200 cc. A flow of 100 ce per 
second and a capacity of 200 ec. imply that two seconds is the average time in 
which the blood traverses the capillary network 


The pret eding results ¢ nn he combined with the well known data on the equilib 
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rium between oxvgen and hemoglobin to estimate the rate of the ervthrocyte’s 
oxygenation during its traversal of the pulmonary capillaries The equilibrium 


data show that an alveolar oxygen pressure of 105 mm. of mercury would be in 


equilibrium with hemoglobin which is approximately 99.3 per cent saturated. The 


rate ol approach to thi equi ibrium can be calculated from the above value for 
the average oxygen pressure difference across the membrane (4 mm. of mercury 
ind the approximately two-second traversal time. If it be assumed that normal 
unoxygenated blood has an oxygen tension of 40 mm. of mercury and approaches 


the equilibrium pressure with a first order rate such that 


Pr 105 HM) 105 


65/8, approximate 


This corresponds to an approach to equilibrium with a half-time of (8/65) 
log, 2 0.085 second. Thus, in the first 0.085 second the oxvgen pressure will 
rise to 72.5 mm. of mercury, which is equivalent to 94.6 per cent saturation of the 
hemoglobin. This leads to the conclusion, therefore, that in the normal person the 
blood traversing the pulmonary capillaries will have ample time to come prac 
tically to equilibrium with the alveolar oxygen (and become 99.3 per cent oxy 
genated when the alveolar oxvgen pressure 1s 105 mm. of mercury Similarly, it 
can also be concluded that. even in a person whose Ff value is only one-« ighth ol 
normal, the blood will be almost equilibrated (more than 99 per cent oxygenated 
at an alveolar oxygen pressure of 105 mm. of mercury) in the pulmonary capil 
larles 

Phis conclusion makes it possible to use a very simple expression to calculate 
the fraction of blood traversing the lungs which does not pass through the oxy 
genating capillanes. Let f be this fraction, let A, be the per cent oxygenation of 
the arterial blood oxVgenated and let J be the per eent oxvgenation of venous 


blood. Then, if equilibrium is at £, per cent oxygenation 


In a normal perso ng A equatior V/ 


shows f to be O.OLL. or ipproximately | per cent 


SCUSSION 


The passage of oxygen, nitrogen, carbon dioxide (and carbon monoxide as 
used im the experiment from the pulmonary aiveol into the capillanes takes 
place by diffusion of the gases through either intercellular plasma or plasma in 
spaces between membrane molecules Whatever the sizeof these spaces or “pores,” 
thev are plasma-filled interstices It is correct to assume that modifications of 


a) membrane thickness qualitative structural characteristics of the mem 


then 

} | ind 

Vif + | f or 
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branes, (c) the vascular walls of the pulmonary alveoli, and (d) the viscosity of 
plasma all play a role in the rate of diffusion of gases from the alveoli into the 
pulmonary capillaries. In each individual pulmonary system the factors listed 
will cause variation of either the physiologic ratio R 1/7 or the diffusion 
coefiicient D and thus affect the transfer of all gases across the pulmonary alveolar 
walls 

From the data reported it was calculated that the average oxygen tension in 
the capillaries of normal subjects was 4 mm. of mercury less than in the pul 
monary alveoli. A pulmonary alveolar-capillary blood oxygen tension difference 
of 11 mm. of mercury was measured by Wilson and associates (17) and 10 mm 
of mercury by Berggren (18). The 4 mm. of mercury value calculated from the 
data reported is more accurate than those reported by either Wilson and asso 
clates (17) or Berggren (18). The average oxygen tension in the capillary blood 
is a time average and, in order that the hemoglobin be almost completely oxy 
genated in its transit through the capillary network, it is necessary that the oxy 
gen pressure ol the capillary blood be high during most of the time the blood is 
passing through those capillaries 

The average value of R 1/7 20, as measured in the 12 normal subjects, is 
substantiated by the results of the calculated alveolar-oxygen tension difference 
which falls well within the measured values reported (17, 18, 19 

The finding that R did not increase with lung expansion until the lungs were 
filled to at least two-thirds of their capacity suggests that both area A and 
thickness 7’ are essentially constant, separately, in the range of lesser expansion 
This phenomenon reflects the interplay between the areas of the capillary walls 
and the alveolar lining (13 

The assumption is made in this study that, following a single inspiration of 
carbon monoxide, all pulmonary alveoli may not contain exactly the same con 
centration of gas, but that distribution is uniform enough and diffusion is com 
pensating enough to cause the calculated result to be a reliable physiologic R 


1/7. According to A. Krogh and Lindhard (20), the alveolar air becomes uniform 


in composition when a deep inspiration is made immediately after the deepest 


possible expiration, contrary to the results of later but less extensive experimental 
studies (21). In the experimental subjects listed in table 1, the Cournand intra 


pulmonary mixing index indicates normal pulmonary mixing 


SUMMARY 


Tests on the rate of uptake of trace amounts of carbon monoxide in the lungs 
are reinterpreted. The ratio of the average cross-sectional area involved in 
diffusion to thickness of the respiratory membranes in 12 normal men was found 
to be 15 to 31 meters per micron 

The calculated ave pe pulmonary alveolar capillary blood oxvger 
difference was 4 mm. of mercury 

Reasonable values of metabolism and histologic and gross anatomic quantities 
were used to estimate that the average aeration time ol the blood is two seconds 

Other associated estimates are an alveolar-capillary capacity of 200 cc. and a 
flow of 100 ce. per second 
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Blood oxvgenat 


ion was described as increasing rapidiy 


equilibrium with passage 


and practically 
through the alveolar capillaries 


\ simple expression is given for the fraction of blood passing through the lung 


which does not traverse the oxygenating capillaries. In normal man this fraction 
is approximately 
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INTRODUCTION 


Keonomics is the science of the production, distribution, and consumption of 
wealth: in any consideration of the ‘economics of case finding,” our efforts to 
transmute wealth into the health of the populace should be analyzed. It is ap 
propriate, therefore, to examine the chest roentgenographic unit of a general 
hospital to see how it produce 8 health, 1.2., results in the early detection of cases 
of tuberculosis; how it distributes health, i.e., makes it possible for case finding 
quickly to lead to proper therapy; and, finally, how efficiently it accomplishes 


these two objectives in terms of dollars as well as in man-hours of human en 


MATERIALS AND METHODS 


The case-finding roentgenographi unit under consideration functions in the 
Charity Hospital of Louisiana at New Orleans, which is a large general hospital 
with approximately 2,800 of its 3,200 beds in daily use. On a given day, one can 
see there almost any type of human ailment. Patients are attracted from all 
over the state ancl the hospital maintains a very active emergency service 
Charity Hospital has no connection with the Louisiana Department of Health 
and operates on its own budget as an autonomous state agency. Control over 
patients varies from excellent to poor 

With but few exceptions, all roentgenograms were interpreted by one reader 
S.J Films are int rpreted regularly on Mondays Wednesdays, and Fridays 
Immediately after the interpretations have been recorded and tabulated, clerks 


irry the re ports to the respective wards for the inpatients’ charts and to the 


record library for outpatients’ charts. When tuberculosis is suspected, a copy 
of the report with the 70 mm. film attached is sent (usually within forty-eight 
hours) to the health officer of the respective parish, and a second « opy goes to the 
State tuberculosis control officer. Many persons come to the hospital as visitors 


or for emergency treatment and may not be registered either as outpatients o1 


inpatients; if they come from distant rural areas, much time may be consumed 
in follow-up studies. The Charity Hospital is an enormously popular place to 


which people turn when in trouble; this is reflected in the fact that more than 


one-half of the newly found cases of tuberculosis each year in New Orleans 
represent people who reported to the Charity Hospital for some other type ol 


medical service only to learn of their tuberculosis by routine photofluorography 
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This chest roentgenographic unit is operated by the Division of Tuberculosis 
Control of the Louisiana Department of Health and has no administrative con 
nection with the Charity Hospital. Such autonomy gives it an advantage over 
those general hospital case-finding centers which function as adjuncts to the 
usual radiologic services and are apt to suffer during periods of great budgetary 
and manpower drains. The personnel and the budget of the unit are committed 
to “sereening”’ for tuberculosis through the taking of chest roentgenograms. It 
has neither responsibility nor control over follow-up procedures. The process of 
bringing tuberculosis suspects through confirmatory studies must be undertaken 
v health officers in the respective parishes or by physicians in charge of which 


ever ward receives the patient 


PLAN OF STUDY 


The limits of usefulness and economic costs of the chest roentgetr ographis 
unit of a large general hospital in case finding have been studied. Much has been 
written about case finding and the general prin iples have heen acce pte ad Neve I 
theless, the relative values of feasible procedures have seldom been plainly 
stated. It is certain that there are many ways of finding tuberculosis in a person 
who does not regard himself as sick enough to consult a physic lan 

In an attempt to learn the effectiveness of the chest roentgenographic unit 
of this hospital, all films taken were analyzed to find out 

1. The vield of tube losis suspects and of active tuberculosis of the lung 
2. The of significant nontuberculous disease 

} The price 0 sing frame of 70 mm. film as an index of the expense of the 
procedure 

1. The cost of finding a single case of active pulmonary tuberculosis 

The inhere strengths and weaknesses of this method of case finding 
6. The ability of this approach to suggest the true incidence of tuberculos 
communit detecting previous! nknown mstances of active mall 


tubers ulosis 


ri The speed eh suspects are ; en the benefit of supple! 


id incl nit 


All interpretations were tabulated conventionally into (fuberculosi ispects, 
nontuberculous disease, technically unsatisfactory, and normal 

It is always desirable to find out what ultimately happens to the person whose 
photofluorographic image is interpreted to indicate pulmonary tuberculosis. Be 
cause the chest roentgenographic unit has no responsibility for follow-up pro 
cedures, it Was necessary to rely on hospital records and on case registry data 


throughout the state of Louisiana for this information 


OBSERVATIONS 


From the time that the 70 mm. equipment was installed (January 2, 1946 
until March 1, 1953, 428,254 exposures were made. As figure | indicates, 12,261 
films (2.9 per cent) were technically unsatisfactory; 13,602 (3.1 per cent) were 
classified tuberculosis suspects, the chief reason for the existence of this unit 


21500 (5 per cent vere regarded indicative of nontuberculous disease. chiefly 
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Fic. 1. Photofluorograms from the Charity ‘ " ay Unit (1946-1953 


cardiac abnormalitie and 380.766 (SY per cent were interpreted as normal 


lo determine the ilue of the unit in discovering those with tuberculosis who 


might not otherw cle ten ted ior a 


ong time the 13.602 suspects were studied 
to determine how many of them had clinically Important tuberculosis 


Tuberculo (1 the 13,602 suspects, clinical studies of 6.617 were carried 


point of establishing a definitive diagnosis. It is disappointing 
that the remaindet could not he traced. but it 1 


through to the 


. possible that many of them 
reported elsewhere for confirmatory studies. One of every 3 suspects so examined 
was found to ha ive tuberculosis This means that. for every L.OOO photo 


fluorograms, 4.3 active cases of tuberculosis were revealed. After removing from 


the tudy those LSS persons known to have ubere ilosis. to he tuberculosis con 


facts, sspects be 


1.903 pate or appre 


wwe of significant pulmonary symptoms, there remained 


ximately 4.4 in each 1,000, who represented new cases of 


tuberculos not kely to be brought to light by anv other form of survey. These 


were peopl vho had come to the hospital for some entirely unrelated illness 


only to be found to have clinically active tuberculosis 


Vontuberculous diseases: As may be seen in figure 1, 21,500, or approximately 


5 per cent of the 428,254 photofluorograms, were interpreted as indicating non 


- 


vhich justified clinical study. Approximately 3.7 per cent of 
all persons examined were thought to have some cardiovascular abnormality 
Che estimat of cardiac enlargement was always a difficult matter. Frequently 
the extreme disproportion between the size of the heart and the thorax mad 


the diagnosis simple. In less obvious cases, however, the decision was made by 


adopting the principle of “‘over-reading”’, i.e., classifying as enlarged any heart 


with total transverse diameters which apparently exceeded 50 per cent of the 
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transverse thoracic diameter. Other more accurate methods were considered 
but found impracticable in this unit 

The 2,449 films obtained in 1952 and classified by this method as indicating 
cardiac enlargement were reviewed by the cardiologist in charge (Dr. Louis 
Levy, Il). He rejected approximately 5 per cent as not indicating cardiac en 
largement, found that 78 per cent of the patients were currently being studied 
for cardiac disease in one of the clinical divisions of the hospital, and directed 
the clinical study of the remainder. Of the 397 so studied, 99 (25 per cent) were 
found not to have any clinical evidences of cardiac disease. For the most part 
they were either children or pregnant women, two groups of persons in whom 
estimation of cardiac enlargement from photofluorography is particularly difh 
cult. Cardiac disease was detected in the remaining 298 patients when it had 
not been known prior to their coming to the hospital. This represents a yield 
of approximately 4 cases per thousand persons examined routinely 

\pproximately 1.3 per cent of all persons examined had evidences of some 
nontuberculous pulmonary disease of significance. These instances have not 
been tabulated, but it is known that a number of cases of bronchogenic car 


cinoma owe their early diagnosis to such routine examination 


DISCUSSION 


is 


Routine photoradiography of presumably nontuberculous healthy persons 


an accepted method of finding unsuspected tuberculosis. The same method is 
in finding nontuberculous intrathoracic disease. The present study 


vould 


ilso of value 
suggests that the routine roentgenographic examination of the chest, as 
be naturally inferred, uncovers more tuberculosis among sick persons than among 


healthy ones. A consideration of the economics of case finding is concerned with 


costs and values, i. in obtaining the largest possible number of tuberculosis 


suspects for the smallest possible expenditure of money and human endeavor 


The best method of conducting such surveys ts still to be determined. Possibly 


no one method will ever be universally satisfactory. Routine roentgenographi 


examination of the chest for each person who enters a genera hospital has cet 


tain features which merit study 


One important feature is accessibility. The unit in question ts in the basement 


ol the hospital one floor below the admitting room This physic: | disadvantage 


has been reduced by obtaining an excellent degree of cooperation from the hos 
pital admitting officers who refuse to examine a single patient (except those in 
grave emergency) unti! after he has gone to the basement for a chest film. A 
certain proportion of patients are admitted at night or are too sick to stand 
erect for the examination; most of their roentgenograms are obtained in the 


main radiology units of the hospital. Experience has shown that nothing main 
tains the steady flow of patients through the unit so much as keeping the resi 
dents and interns interested in the program 

The second important feature with respect to general hospital survey units 
has to do with their higher vield of tuberculosis. With 428,254 photofluorograms 


2 391 cases of tuberculosis were found. 1.908 of which had not prey iousiv been 
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detected. This was the yield despite the fact that approximately 7,000 suspects 
eluded follow-up procedures, chiefly by returning to rural areas before confirma 
tory studies could be completed. As the suspicion of tuberculosis was verified in 
one of each 3 instances, it is probable that more than 2,500 persons with tuber 
culosis in these seven years passed before the photofluorographic screen but 
were not apprehended for study. Presumably the maximal yield should have 
been not 4 but 10 active cases of tuberculosis per 1,000 frames of 70 mm. film. It 
would be highly instructive to compare this group of ‘‘new’’ cases with a similar 
group detected by other approaches to case finding 

\ third feature is the question of economy. It costs 29.8 cents to take a singl 
frame of 70 mm. film (2). This figure, confirmed by computations of cost ac 
countants of the Publie Health Service, is lower than any other published cost 
Ina general hospital chest roentgenographi unit, the costs are easily tabulated: 
this is not always true for other methods of case finding. Frequently Christmas 
Seal Sale funds are expended by a local or constitutent association In pre-survey 
education and are not tabulated as expenditures for the program No one can 
deny the great need for such effort if the survey is to succeed; yet there is almost 
no information to determine its cost 

Whatever that cost may be, computed in cents per frame of 70 mm. film, 
it does not apply to a survey of the type of the present case. This advantage is 
indigenous to the tax-supported hospital and is maximal when the budget of 
the survey unit is independent of the budget of the radiology department of the 
hospital. A general hospital which serves private patients cannot provide this 

vice at so low a figure, but still can provide routine chest roentgenograms at 
not much greater cost and with better diagnostic vield than for routine blood 
chemical or serologic tests 

It may be computed that it costs the state of Louisiana approximately SS) 
to detect each person with active tuberculosis among those treated at the hos 
pital, or approximately $110 for each one not previously suspected. The same 
expenditure of money and effort also reveals persons with other intrathoraci 
abnormalities: at least 4 instances of previously unsuspected cardiac abnormali 
ties and an undetermined number of cases of nontuberculous pulmonary disease 
Chere is no way to determine what portion of this expenditure should be logically 
harged up to the discovery of these nontuberculous diseases 

\ fourth feature of the general hospital type of survey ts the speed ol con 
firmation of the diagnosis. Delay in diagnosis is a long-recognized factor in per 
mitting progression of pulmonary tuberculosis. Routine photofluorography has 
been regarded as the most effective means of preventing this delay; yet there is 
often a lapse of time between the taking of the photofluorogram and the taking 
of the definitive 14- by 17-inch film. It is not known how much time elapses in 
the ordinary survey between these two important landmarks in diagnosis; little 
has been published to portray usual experience In an effort to determine whether 


the present chest roentgenographic unit was actually facilitating the clinical 


diagnosis of suspects, the period between taking the photofluorogram and of 


the larger film was studied. It will be seen (figure 2 that, when patients entered 


the hospital immediately after the photofluorographi« examination, the delay 
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PATIENTS OUTPATIENTS RURAL DATIENTS 


s whict elapsed between taking of 70 1am. film and 14 


film 


Was minima vher mtients reported to the outpatient departments for clinical 


studies, the delay vas moderate; when they returned home, the delay was 


maximal 
\s reports of phototluorograms are usually on the charts of hospital inpatients 


within forty-eight hours of development, an average of eight days passed before 


the patient w: ! i larger film. Frequently this indicated that the patient 


had in the inter indergone a surgical operation, had become desperately 


or otherwise was ile to be moved to the main radiology department for con 


firmatory studies. In other instances it meant that interns simply regarded the 


small film reports as of lesser importance than the original illness for which the 


patient entered the hospital. Such human inertia centers into any scheme for 


case finding. It is believed that the delay is potentially least of all when the sur 


vey film is taken at an institution wherein follow-up studies are possible. The 


survey team has no jurisdiction over the patients in the hospital; only by the 


careful and tedious process of education can this delay be further minimized 
loo often the busy outpatient dispensary physician pays more attention to the 


patients primary ness than he does to the report ol the chest roentgenogram 


This is one explan ition for the “‘moderate delay in clinical evaluation of out 


patients. Much time is, of necessity, lost for rural patients because reports must 


be routed through understaffed local health departments 
One observation justified further investigation. Of the original group of lube 


re found by thorough clinical investigation to have ina 
the 1008 cases of active 


losis suscepts, 636 we 


tive pulmonary tuberculosis, almost all minimal 


pulmonary tuberculosis persons who were entirely asvmptomati and pre 


viously unknown to have any pulmonary disease, only 18 per cent were minimal 


Why had 82 per cent progressed without developing any symptoms usually 
Chis is in marked contrast to the findings of other sur 


ascribe d to tuberculosis’ 
veys in which the majority of cases of presyvmptomath tuberculosis are found 
at the minimal stage. Further research is needed to determine the types of illness 


which brought these persons to seek medical attention 


CASK 309 
2% 
7O, 
> 60} 
sor 
ve 
0 40r 
a 
w 
20r 
J 
“| 

Fic. 2. Number of 17-inch 

> 


JACOBS AND CALIX 


hould be observed that the present studs represents an attempt 
to provide specific data for comparison with other types of surveys. Much money 
has been expended in promoting many types of investigation. The time has now 
come to determine what has been received for the money, i.e., to study the eco 


nomics ot case finding 


SUMMARY 


The chest roentget ographis unit at the Charity Hospital in New Orleans has 
demonstrated that a general hospital can engage in case finding quickly, eco 
nomically, effectively. For each $110 expended in bringing to light a new case 
of active pulmonary tuberculosis, attention was directed to four previously un 
recorded instances of cardiac disease and an untabulated number of nontubercu 
lous pulmonary disease 

Phe chest roentgenographic unit in a general hospital is essentially a screening 
device. Unlike other case-finding devices, it needs no educational effort to induce 
subjects to have chest roentgenograms. Metaphorically, it can point a finger at 


someone with clinical tuberculosis but cannot place the restraining hand on him 


Its therefore direct y proportionats to the thoroughness of follow up 


procedure 
The writer experience Causes them to reiterate the familiar admonition that. 
to protect the investment in case finding, expenditures for follow-up must be 


ad 
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THE RESISTANCE OF TUBERCLE BACILLI TO THE BACTERICIDAL 
ACTION OF BENZALKONIUM CHLORIDE (ZEPHIRAN’ 


JAMES G. HIRSCH 
publication Maret 


INTRODUCTION 


Sspecimer ol sputum to te examined by culture for tubercle bacilli are usually 
treated with an alkaline or an acid solution. This treatment has a dual function 
First, it renders the sputum less viscous and more homogeneous, thus making it 
possible to manipulate the sample and to concentrate the bacteria in it by centri 
fugation; and second, this treatment ts lethal to most of the nonacid-fast micro 


organisms and thus serves to “decontaminate” the specimen 


Dubos developed a method employing enzymes for sputum digestion (1 


reasoning that the enzymatic procedure might be less injurious to tubercle bacilli 
than « xposure to an a id or alkaline reaction. It has indeed been demonstrated 
that tubercle bac ire not killed by exposure to mixed pancreatic enzymes 
2, 3), but it is also apparent that many nonacid-fast microorganisms survive 
such treatment (4, 5). A major obstacle, then, to the development of enzymati 
or other new methods for sputum digestion has been the inability to eliminate 
contaminating” microorganisms. A simple procedure which may overcome this 


obstacle 1 the present communication 


OBSERVATIONS 


Observations were made of the bactericidal activity of several disinfectants 


on tuberele bacilli and on a group of nonac id-fast bacteria 


of the bovine tuber« 
ibumin liquid medium. ¢ 
inal A ebare i pre 
ull grow ultures of these microo rgar 
fO.02 M mixed phospl ite buffer at pH 14 
ind 0.02 per cent Tween SO. These susper 
concentrations of the disinfectants 
ture was diluted 1:10 in fresh buffer 
this dilution v n placed on Dubo 
on agar (for 
re incluced 
produced ster 


the teat plate 18 recordec 


As may be seen in table |, all of the agents used had approximately the same 
bactericidal act itv on the tubercle bacillus as on nonacid-fast bacteria with the 
notable exception of the cationic detergent benzalkonium chloride (alkyldi 


methyibenzvlammonium chloride, Zephiran* The tubercle bacillus showed a 


i ire ‘ BCC-Phipps 
vere m ed lare V 
pyogene eus, Esch © prepared 
beef -heart fu th. | s were diluted 
1:10) to ‘ ‘ j taining 0.1 per 
mixed wit! it ate neut 
tion fe e hou a | ‘ ning bum 
ind Tween” SO yal 
tor tute Appropriats 
conece ration ‘ h clisinfe suspensions 
From the I es | the Hospital of The Rockefeller Institute for Medical 
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rABLI 
SEVERA 


Nonactp-I 


por hniorite 
tassium permanga 


iikonium chior 


ethal effect of this compound Whereas a final concen 


tration of 0.005 per cent benzalkonium chloride was sufficient to kill the non 


BCG-Phipps remained viable when exposed to a 


marked resistance to the 


acid-fast microorganisms 
concentration of 0.1 per cent under these conditions 


Next, an experiment was designed to determine if similar differences existed 


in the susceptibility of mycobacteria and nonacid-fast microorganisms to the 


bacteriostatic action of benzalkonium chloride, 


Various concentrations f benzalkonium chloride were added to Dubo iquid medium 


ontaining glucose and bumi yuut no Tween” heart infusion broth was added 
o a final concentratio {5p cent, thus producing a medium which supported well the 
growth of both tubercle willi and nonacid-fast bacteria. The tubes ere inoculated b 
viding dilutions the Various MICrTOOrganisms 80 as to give oncentration 


ultures Tests performed it pH 65 


(s may be seen in table 2, the tubercle bacilli and the nonacid-fast bacteria 


were approximately equally susceptible to the bacteriostatic action of benzal 


konium chloride, in contrast to the marked divergence observed in susceptibility 


to the bactericidal action of this substance 


Further tests were done to determine the resistance of various strains of 


mycobacteria to the germicidal action of benzalkonium chloride 


Ful ro cultures (nonacid-fast ba rt inftus 


edium were 


were remover 


were Dubos albun gar 
determine the pproximate numbers of organisms in t hve mith ven I sus 


tenzalkoniun was ther dded to each of the suspensions to i final con 
of 0.05 per cent tubes were laintained at room temperature and samples 
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if. t et 
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results 
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bacteria in Tween” uml tm diluted 1:100 in stenie 0.1 per cent bovine 
piasma aibumil imples | ind ser dilutions in per ent 
¢ 
orde 
centratior 


Hihscu 


except that SUSPensior 


d of albumit ter. In the aqueo 
o benzalkonium chloride 


water diluent 


nted in table 3 reveal that all of the forms of true tubercle 


tested were remarkably resistant to the bactericidal action of benzal 


konium chloride. Human, bovine, and avian strains of tubercle bacilli, and viru 


lent, attenuated, and avirulent forms of some of these strains all behaved essen 


tially the same contrast, however, was the behavior of saprophytic myco 
bacteria, which, like the nonacid-fast bacteria, were rapidly killed by exposure 


to 0.05 per cent benzalkonium chloride 
ults suggested that benzalkonium chloride might be of practical 


re 


alue in eliminating “contaminating” microorganisms from specimens 


examined by culture for tubercle bacilli. Although no large-scale laboratory trial 


has yet been attempted, preliminary studies demonstrate the feasibility of such 


th applicatior In one of these experiments attenuated bovine tubercle bacilli 


BCG-Phipps) were suspended in 0.02 M mixed phosphate buffer at pH 7.4 and 


n the same buffer containing a final concentration of 0.5 per cent bovine plasma 


albumin. By serial dilution and plating, counts were made of the numbers of 


able organisms in these Suspensions lo the suspensions were then added one 
fifth of then olume of a saturated solution of Difco pangestin 1:75 in water 


not sterilized). After incubation for two hours at 38°C., benzalkonium chloride 
was added to produce a final concentration of 0.05 per cent. After standing for 


thirty minutes at room temperature, the mixtures were placed in sterile tubes and 


centrifuged at high speed for twenty minutes. The supernatant solutions were 
removed aseptically and discarded. The sediments were suspended in the same 


volume and type ol liluent as that used prior to the digestion, and the viable 
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bacteria were enumerated by serial dilution and plate counting. Pure cultures of 
tubercle bacilli were obtained, and the numbers were the same as those in the 
starting suspension. The results were essentially the same whether or not the 


suspending medium contained bovine albumin 


In another experiment a bacterial mixture consisting of one drop each of fully 


grown cultures of the attenuated tubercle bacillus BCG-Phipps, Micrococcus 
pyogenes Var. aureus A lebsiella pneumoniae type \ and ulgaris Wits mace 
in 5 ml. of water and also in 5 ml. of beef-heart infusion broth. These mixed 
bacterial suspensions were then digested with pancreatic enzymes and treated 
with benzalkonium chloride in a fashion similar to that described above. No 
centrifugation was employed. After exposure to benzalkonium chloride for 
thirty minutes, samples were removed and placed on media suitable for the culti 
vation of tubercle bacilli and also on media appropriate tor the various nonacid 
fast bacteria. In all cases no growth resulted in beef-heart infusion media, and 
pure cultures of tubercle bacilli were obtained on Dubos albumin-agar, thus 


demonstrating that all bacteria except the tubercle bacilli had been killed 


DISCUSSION 


The findings reported here indicate that tubercle bacilli were resistant to the 
bactericidal action of the quaternary ammonium germicide benzalkonium chlo 
ride. In contrast, several sapt phytic mycobacteria and nonacid-fast bacteria 


were eptible 
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I e observed the effect of cation detergents o1 tubercie 
Paci ni mo ograph on quaternary ammonium germiciaes DY Law 
rence f “all ection devoted to the action of these compounds on myco 
bacteria : etion there is discussion of experimental data from several 
reports (7-12 iken together, lead to conclusions in general agreement 
vith those « sent investigation. In an additional recent study, it was 
ilso noted that su f ctive agents exerted little lethal effect on tubercle 
bacilli (13). How of the previously published reports presents an 
analysis of the bacterici ution of benzalkonium chloride on various types of 
mycobacteria under one set of conditions. Pt rhaps this deficiency accounts, at 
part, for the wk ol emphasis placed on these observations 
Che resistance of tubercle bacilli to the lethal effects of benzalkonium chloride 
is of interest from both practical and theoretical points of view 
One possible practical application of this knowledge is the use of benzalkonium 
chloride in treating pecimens sent to the laboratory for cultivation of tubercle 
bacilli. Many, or perhaps all “contaminating” nonacid-fast microorganisms could 
thus be eliminated from such specimens. In addition, on the basis of observations 
made thus far, it appears that this treatment would kill saprophytic myco- 
bacteria, which are often a source of confusion, especially in specimens obtained 
from the gastrointestinal or urinary tracts. 
Benzalkonium chloride treatment might also serve to distinguish saprophytes 
from avirulent or attenuated tubercle bacilli, a problem of current interest in 


connection with bacteriologic study of pathologic specimens trom tuberculous 


patients (14). Saprophytic mycobacteria and true tubercle bacilli differ in many 


characteristics other than susceptibility to benzalkonium chloride. Among well 
recognized differences between these groups of microorganisms are the differences 
in growth characteristics in vitro and in vivo, in eytochemical reactions such as 
the neutral red test ind in susceptibility to certain antimicrobial drugs In many 
instances, exceptions have been found to rules formulated for distinguishing 
saprophytes from tubercle bacilli. Obviously, many more tests must be done 
before it is known whether or not all saprophytic mycobacteria are more sus 
ceptible that wercle bacilli to the bactericidal action of quaternary ammonium 
germicides 

Studies do thus far are inadequate to justify the recommendation of a 
particular method for the use of bet zalkonium chloride in treating specimens to 
be cultured tor tub mel ( ertain facts, however, should be borne in mind 
vhen employing t yet \s it does manifest a bacteriostatic action against 
tubercle bas ul utment of sputum or other specimens with benzalkonium 
chloride should be followed by centrifugation, washing, or dilution to ensure that 
the concentration ¢ ( mic detergent in the culture medium is below the 
bacteriostati whet alkaline digestion of sputum or gastri 
vashing | “el konium chloride should be ipp ed only after neutraliza 
tion of the men, since it is known that the pH of the medium 
influence } ne ivity of quaternary ammonium compoul ds, this 
wtivity being ’ alkaline and decreased by an acid envirot 


ment 
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Although not specifically investigated in the present work, it seems probable 


that benzalkonium chloride might be added to sputum along with the enzyme 


preparatiol when enzymati digestion is used. The recent note of Saxholm (3 
describes preliminary experiments in this field, using a different detergent 

Another possible use of benzalkonium chloride in the preparation of material 
for the cultivation of tubercle bacilli might be mentioned. A relatively new 
bacteriologic technique which may be of value in the tuberculosis laboratory is 
the collection of bacteria from a specimen by filtration through specially pre 
pared paper discs, the so-called membrane or millipore filters (15, 16). Morning 
mouth washings, urine, cerebrospinal fluid, or other suitably filterable material 
might be treated with benzalkonium chloride and then passed through a mem 
brane filter, a collection procedure which is likely to be much more efficient than 
centrifugation. The filter dises would then be incorporated in or impregnated with 
suitable medium and the bacteria on them permitted to grow into colonies on 
incubation 

As benzalkonium chloride in aqueous solution does not kill tubercle bacilli 
rapidly, obviously this preparation should not be used as a disinfectant in con 
nection with the care of tuberculous patients or in the laboratory. It might be 
pointed out, however, that a recent report states that alcoholic solutions of a 
cationic detergent were rapidly bactericidal for tubercle bacilli (17 

From the theoretical vir Vpoint, the resistance of tubercle bacilli to the bacte 
ricidal action of benzalkonium chloride is also of interest. The most widely 
accepted hypothe sis concerning the mechanism of action of cationic detergents 
on microorganisms ts that these substances react with certain constituents of the 
bacterial cytoplasm membrane and alter its permeability so as to permit 
penetration of the detergent, inactivation of certain enzymes, loss of vital intra 
cellular components, and death of the bacterium (18-21 If this hypothesis is 
valid, then the resistance of tubercle bacilli to the action of benzalkonium chloride 
Is most on unique features of the cytoplasmic membrane in this 
group of microorganisms No facts are at present a allable concerning the chem 
ical nature, anatomic position, or physiologic functions of the plasma membrane 
of tubercle baci n this connection t is of some interest that, in addition to 
tubercle bacilli, bac and fungal spore forms are the only microorganism 


recognized to be nt to the quaternary ammonium germicides 


SUMMARY 


Pubercle bacilli a killed by exposure to moderate concentrations of the 
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HYPHAE OF COCCIDIOIDES IMMITIS IN TISSUES OF THE 
HUMAN HOST 


PHOMAS F. PUCKETT 
publication December 2 


INTRODUCTION 


It is generally a t that human pulmonary coccidioidomycosis is ac 
quired by inha ing th egetative lorms chlamydospores and arthrospores ol 
(‘occidinides immil tis also generally accepted that the parasitic forms spher 
ules) are not infective under normal conditions and are the usual forms found 


| 


in the tissues of the host 

Phe appearance ol hyphae of Coccidioides immitis in tissues of the human 
host received only brief mention in the literature. Forbus and Besterbreurtje 
noted hyphae in only one of their ninety-five cases (3) and stated that this 
phenomenon had not been deseribed previously Mahon | observed hyphae 
in a cavitary lesion from a patient in this hospital in 1945 and subsequently 
collected nine other cases. Barnes (5) referred to one of Mahon’s cases. Two of 
Mahon’s cases and one case from another source were mentioned briefly by 
Smith, Beard, and Saito (6). Three cases from the same group were again men 
tioned by Greer, Forsee, and Mahon (7). Weisel and Owen (8) found hyphae in 
a direct smear from a resected cavitary lesion 

It is generally believed, therefore, that the presence ol hyphae of Coccidioides 
immitis in tissues of the human host is an exceedingly rare finding. It is obvious 
that, since the vegetative forms of the organism are infective, their presence in 
the human host might permit human to human transmission of coccidioido 


mycosis. Accordingly, the present study was undertaken to determine the 


frequency with which mycelial structures could be found in resected focalized 


lesions 
MATERIAL AND METHODS 


During the eight-year period between September 1, 1945, and August 31, 
1953, 64 specimens of pulmonary tissue containing C. immilis have been ex 
amined in thi iboratory. Material from all cases was available for the study 
Phirty-four specime! contained cavities Thirty specimens contained either 
solitary granulomatous foci (coceidioidomas) or large granulomas with smaller 
nodose satellite lestor All specimens had been examined, lesions opened and the 
specimens placed n fixative within approximately two to three hours following 
surgical resectior It not likely, therefore, that growth occurred after the 
surgical removal of the tissue The disease process had been considered clinically 
focalized and stabilized in all cases prior to surgery No cases of disseminated 


cocecidioidomvcos! vere included in the study 
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in granulomato | 0 riodic-acid-Schiff 


note thick-walled structures Periodic-acid 


to contain spores. The latter forms were more predominant in the walls of the 
cavities (figures 2 and 3) and, although segmentation was marked and chroma 
tin clumped, the morphology was not that of true arthrospores 

Intermediate between these types were collections of hyphae in close associa 
tion with yeastlike forms (figure 4). The latter structures are believed to be 
endospores which, although liberated from spherules, have failed to develop 
further, giving rise to hyphae instead. Other round forms may be present be 
cause of the plane in which hyphae were sectioned 

Collections of fragmented spherules, as well as structures interpreted as en 
dospores, were in close association with mycelial growth (figure 5) in several in 
stances. The latter association was most frequently seen in the solid lesions. In 
figure 2 it is shown that the outermost structures have thick walls and, although 
endosporulation was not observed, the structures are similar to the “culture 
spherules”’ of Baker and Mrak (10). In figure 6 is shown an intercalary “culture 
spherul also observed by the latter writers 

\ careful search was made for evidence of endosporulation Although chroma 
tin was frequently separated into coarse clumps (figure 6) and there was oc 
casionally a suggestion of segmentation within the thick-walled structures, 
the accepted pattern ol endosporulation was not seen 

One rather striking observation was made during the study of the cavitary 
lesions. It was noted that those few cavities containing typical spherules ol ¢ 


immitis within the necrotic portions of their walls or in the cellular debris within 
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the cavity did not contain hyphae, while those cavities containing rare or no 
typical spherules usually contained hyphae. In the latter cases, spherules were 
present in granulomatous foci in the lung parenchyma adjacent to the cavity 
or in similar foe: in the hilar lymph nodes. Forbus and Besterbreurt j« 3) re 
ported similar findings in their case. There was no similar correlation between 
the appearance ol hyphae and absence of spherules in the solid lesions, although 
hyphae were frequently seen in association with distorted or partially degen 
erated spherule s (figure 5 

Zimmerman (11) had independently noted the correlation between absence 
of organisms and presence of hyphae in cavitary lesions. He suspected an altered 
host-parasite relationship which might result in further correlation between 
those cases in which hyphae were found and those patients who did not react 
to intradermal coccidioidin. Of the 64 cases studied, 52 patients had received 
intradermal coccidioidin and 36 (69.3 per cent) gave a positive reaction The 
reactions in both cavitary and granulomatous lesions are shown in table 3 
There was a significant difference between the percentage Of positive reactors 
in the cavitary group and those in the granulomatous group. There was little 
difference in percentage between the positive reactors in whom hyphae were 


found and those in whom hyphae were not found 


DISCUSSION 


Ophiils (12) demonstrated hyphae growing from spherules in hanging drop 
preparations and noted the concomitant disappearance ol vegetative torms and 


the appearance of spherules in the contents of an abscess in the ear of a rabbit 


Wolbach (13) demonstrated similar transformations, and both papers are well 


illustrated. The development of spherules from hyphae has since been observed 
by others in culture 10, 14, 15). The results of the present study indicate that 
hyphae can arise in the same manner in focalized lesions in the human host 
Baker and Mrak 10) believed that there was a relation between the age and 
dryness of their cultures and the formation of “culture spherules.”’ It may be 
that there is a similar correlation for the appearance ol hyphae In tissues, lor 
all of the lesions im the present series were considered stable prior to removal 


In none of the case contamnng hyphae was there evidence of activity as mani 
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Without | S55 14.5 9 60.0 6 
Tota 22 78.5 6 11.5 14 58.2 $1.5 
(+, p ecu lin; ¢ negative reaction to coecidioidin 


IMMITIS 


fest by beration of endospores and acute inflammatory re 
resorption of fluid from some of the solid lesions resulted in portis 
quite dry and fi ble. It is probable that there is some 
a lesion a 1 negative reaction to coccidioidin, It 
older lesio1 likely to contan hyphae The duration 
the case reported by Forbus and Besterbreurtje was n al 3 
possible to determine the mset of the disease \ asonanbdit 
sufhicient number ises In the present series to attempt correlation 
results with the age t} s10n 
The finding of either spherules or mycelial growth, but seldom both 
walls of the caviti brought out the obvious possibi tv of the mvcelia growth 
bemg that of a secondary invader of a saprophytv type Cultures from 5 ca 
i! vhich no spherule . 1 within the lls or in smears of the exudat 
from the cavity were i ited intraperitoneally into mice. The viscera of 
animals contained typica pherules with endosporulation vher acrificed 
davs alter moculatior While this does not prove the absence of another fungu 
it does prove the pre nee otf C. ommitis in the ce: ties en though no pheruls 
could be identified i en 
The probability of a saprophyte’s being present is further lessened by the fact 
that the morphology of th mvcelial growth was sim in all ses. Moreovet 
all cultures were grossly pure cultures and, while ¢ mmilis grows very rapidly 
most saprophytic fungi also grow rapidly. It is not believed likely that heavy 
inocula such as were used would result in complete overgrowth by the pathoge 
and failure to recog a saprophyte 
It must be admitted that each lesion with mycelial elements pro ihe i theoret 
cal hazard for human to human transmissio1 \ critical appraisa of the 
of the present study ind of the experience of others indicates that th theoret 
ial hazard’’ is of extremely low order. The present writer doubt that the 
stabilized solid jesio coceidioidoma n this senes would ever “break dow! 
and hecome potentia s ol infective materia 
It is more difh o evaluate the possibilities ol the 
patent bronchi we eribed during gross examination of the ities which 
vere later found t mtain mycelia. It is probable that some cavit communi 
cated with the bronel tree, however, for hyphae were present in the lume 
of one small bronchu il here Was partia epithe ization of the cavity wa ! 
numerous Instance ral patent bronchocavity tions were uncommor 
but were seen. It n probable then that expectoration niective mycelial 
elements May occur or lhe writer knows mstance of coceidioido 
mvcosis resulting trom “‘contact”’ miectior ieved that the observation 
ol ial growtl per cent of the CASE this serv resulted trom caretul 
study of the entire 1 ted lesions b taming techni rather than 
that thei presence t ries was unique. It follows, therefore, that, if hvphac 


are expectorated 0 r ot patient vith coecidioidomveosis have not been 


harmed by them u Smith and his associates (6) pointed out that cases 


which thev have ) ! ndicated that ordinary ifficed 
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to prevent “contagion This concept was further supported by the studies of 
Bass and his associates (16) on long-term contacts of persons with coecidioido 


SUMMARY 


hal growth ol ore ulioide s ~mmilis MAV develop In focalized and stabilized 


lesions in the human host in the same manner that it develops in cultures 
In the present series, hyphae were more commonly found in cavities (7% per 

than in granulomatous lesions (30 per cent 
ll of the 


eent 
Mycelial growth and typical spherules are seldom present in the wa 


same cavity 


Chere 
intradermal coccidioidin 

There is no evidence that the presence ol hyphae of C. immitis in the human 
i theoretical hazard for human to human transmission 
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ELECTRON-MICROSCOPIC STUDY OF THE EFFECT 
OF STREPTOMYCIN ON THE CYTOLOGY OF 
TUBERCLE BACILLI 


R. VISHWANATHAN, K GUPTA, A. PANDI CHOPRA, 
A. J. H. peMONTI 


ved for publication October 19 1053 


VM ycobacterium tuberculosis was one of the first organisms to be submitted to 
biologic studies with the aid of the electron-microscope. A summary of the 
information on the subject has recently been presented (1 

rhe present studies were not confined merely to the morphology of tubercle 
bacilli but were extended to the observation of changes in the cytology of the 
bacilli as a result of the action of certain antimicrobial drugs. The effects of 
streptomycin on a bovine strain of tubercle bacilli (B19-3 Kasauli) were ob 


ser’ ed 


METHOD 


Solutions of strept« cin of concentrations varying from 1.0 mg. per ml. to 0.01 mg 
per ml. were added to tubes containing a four day-old culture of tubercle bacilli (concen 
tration, 1.0 mg. per n n Youmans’ medium containing 0.05 per cent of Tween” 80 


The tubes were i tec { ( ind specimens were taken after 18, 24, 96, and 168 
hours for examinatiorn nder the electron-microseope 

After centrifuging and washing with distilled water i drop of ) llary suspension 
whe placed or i collod film mounted ona wire mest dned over osmit if id 


vapor ane the electron-micros ope 


RESULTS 


(s may be seen in figure |, the observations made were in confirmation of the 
findings of other workers concerning the structure of the tubercle bacillus 

No appreci ch the morphology could be seen in sper Imens taken 
after eighteen hours of incubation with streptomycin. After thirty-eight hours 
however, the bacilli were found considerably elongated and swollen at the center 
figure 2). Bacilli examined after ninety-six hours showed swelling both at the 
center and at the end (figure 3). Figure 4 is also a specimen examined after ninety 
ix hours, showing disintegration of the « ytoplasm. After seven days of treatment 
with streptomycin, most ol the bacilli are found with almost complete disintegra 
tion of the cytoplasm. It is observed that, even after such a long interval, the cell 


wall remains intact (figure 5 


COMMENT 


From a study i large number of electron-micrographs, it becomes evident 


that the tubercle bacillus undergoes a series of changes In successive stages as a 
result of the action of streptomycin. At first the bacillus gets elongated, at a later 
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i after thirty-eight hours of 


marked elongation with swelling nter x 20000 


stage the middle portion of the bacillus swells up, the swelling later extending to 
other parts of the bacillus. At a still lates stage the cytoplasm is found to disinte 
grate. It appears however, that the nuclear disintegration occurs at a still later 


stage In the studi o far. the cell wall appears to resist the action of the drug 


and continues to remain intact even after almost complete disintegration of the 


cytoplasm 


SUMMARY 


Observations on the morphology ol tubere le bacilli under the electron-micro 
cope are reported and the effect of streptomycin on the structure of a bovine 
strain of tubercle bacilli has been studied 

Under the action of the drug, such changes as elongation, swelling, and disinte 


gration of the cytoplasm are found to occur in stages 


SUMARIO 


Communi 

micro ¢ tronic ‘ia ¢ ‘ 

etura cepa del o tuberculoso 
merver at nde ia droga, 


lesintegracion del 


: a 
reptomyein per nl. Note he 
Estud VU lel Efecto de Estreptomicina bre 
Citologia de los Bacilos T whe 
ce os bacilos tulbx ilosos con 
el cto de estreptomicina sobre la es 
tru 
losental nen etapas altera mes tales 


ELECTRON-MICROSCOPY ; t(EATED M. TUBERCULOSIS 


331 
4 
he te ety-sin 7 raent wit 
I ix hours of treatraent with 0.1 mg. of streptomycin per 
at the ends of the bacilli is well marked. 


HOPKA AND DEMONTI 


bu Another spec sumined after ninety-six hours of treatment with 0.1 


treptomycin per | owing disintegration of the cytoplasn 


bi ». After ‘ itment with O.1 mg streptomycin per ml., showing 


ilmost complete dis 4 on ¢ toplasm. One vo mitochondria ll seer 


The cel 


Des observatic r la morphol 1 bacille tubereuleux A l'aide du microscope élec 


tronique sont ! et ‘ on la streptomveine sur i structure le by 


332 VISHW ru GUPTA PANDI 
> 
e 
KESU MI 
4 ectronique de wlion de epl cine 
P le hag fubere 
iiies tu 
berculeux d'une uche | ne est etude 


ELECTRON-MICROSCOPY OF DRUG-TREATED M. TUBERCULOSI 333 
I té servi tion «ke lrogue, des changement giqu que 
élongation, le gonf t lésintégrat lu toplasme survenai« le 
| 
The writers 3} tha grateful tl sto Col. R. N. Cl Dire Drug 
Research | orat i, for his helpful suggestions, and to Prof rh. S. Arist 
Director, N Phys Laborato for } kind pert ondu he 
elect tu es that aborato 
REFERENCES 
\I ‘ \\ ER Hi l ( note oncerning bactenal va mito 
hondr iclei, Exper. Cell Research, 1953 251 


THE “SEROGRAM” IN PULMONARY TUBERCULOSIS. ELECTRO- 
PHORETIC SERUM PROTEIN FRACTION CHANGES 
DURING ISONIAZID THERAPY 


A Preliminary Report 
ABRAHAM SAIFER, IRWIN ORESKES, ann BRUNO W. VOLK 
for publication December 28, 1953 


INTRODUCTION 


In a pre on ication (1) the writers reported on the elec trophoreti and 
chemical serum pro n fractions in hilty cases of pulmonary tuberculosis. It was 
observed that form of tuberculous infection, there is a marked decrease in 
the electrophoretic serum albumin with concomitant increases in the alpha-2 
beta, and gamma globulins paralleling the increasing severity of the disease 
Che most significant change was noted in the gamma globulin fraction, as deter 
mined either electrophoretically or by means of the quantitative protein floecu 
lation-ninhydrin method (2, 3, 4), as seen in figure 1. These findings with respect 
to the gamma globulin changes have been confirmed by other investigators 
5 6.7 

Serial studies of the elec trophoretic serum proteins of filteen selected cases of 
pulmonary tuberculosis were carried out during a one-veal period It Wiis noted 
that the serum protein values tended to return to normal with improvement i 
the clinical condition of the patient Conversely, deterioration of the patients 
clinical status resulted mainiy in an increase in the gamma globulin fraction 
accompanied by a decline in the albumin and, therefore, a significant decrease 
in the electrophoretic albumin-globulin ratio 

These biochemical findings seem to offer a useful tool for the objective evalua 
tion of the clinical course of patients undergoing treatment with various thera 
peutic uch as streptomycin plus para-aminosalicylic acid (PAS) (8, 9 
or with various isonicotinic acid derivatives (9). Since the routine evaluation of 
the electrophoretic data in following the tuberculous process of a patient is 


both time-consuming and difficult, a simple pictorial method has been proposed 


by Kanagami (10 This graphic method of representing the electrophoreti 


data has been termed a serogram”’ and has been employed by the present 
writers to demonstrate the protein ¢ hanges in a series of patients before and after 


treatment ith rious therapeutic agents 


From if sboratones Jewish Sanitariun ind Hospital for 
>This investigation 8 supported in part by a research grant No. B-2S85 fre 
National Institute of Neurological Diseases and Blindness, of the National Institutes of 
Health, Publix it ervice, dealing with the general subject Protein Studies in Chron 


Diseases 
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MATERIALS AND METHODS 


The study was carried out on 10 patients with either 
vivanced pulmonary tuberculosis classified according to the 
National Tuberculosis Asso 


moderately o1 


standards of 


lation (11 Of these, 9 patients rece! ed dose 


ol 
during the course of the 


studs vithout additional 
rhe tenth patient was treated in the routine mannet 
mycin plus PAS (8 


250 mg. of isoniazid daily 
medication vith strepto 
On each of these 10 patients, electrophoreti protein studies 
were performed, as previously described (1), prior to the initiation of tre 


itment 
Subsequently 


serial ele trophoreti protein determinations were carried out two 


to seven times during a four- to eight-month period. The results thus obtained 
inical and roentgenographic findings in each case 


Prepa ation The 


vere compared with the 


iethod of preparing the serogram 18 nhgure 2 
The median line of the graph represents the mean value of wc! 
omponent ch parall either side center represents either 
right or negative rd deviatio 0 indicated component fre 
value. The cross-hatche 


presents twice standard dev tior 


component As the 


normal value for ea electro oret 


normal serum 
values in this laborat« welvy with those obtained by Reiner, Fer 
12? who emplo ed a ir instrument in thei 


persons was used to 


Stern 


studies, their series eight norma 
I ideal serogram shown in figure 2 
\ a Hject \ per at lit vould represent the 
phoretic pattern. Sines practice, figure lemor 
patterns obtained for 

PT ams of patier Serograms were prep d trom the 
electrophoretic data the previous stuc 1) of fifty pulmonary 
tuberculosis classified a ra to the severit f the disease rograms repre 
sentative of the averags s for each catego of dis 


figure 
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I pical serograms of ¥ normal 


twelve normal subjects. This small number of control sera were run under the same experi 
mental conditions as were the sera of the tuberculous patients and approximate in number 
the specimens run for each disease category shown in figure 4. All fifty patients in this 
series were under standard treatment with streptomycin and PAS 
grams applied t ae 1 studies of 


jectively the effect of 1 


Sere individual patient In the ittempt to follow ob 


reatment with isoniazid, serograma were prepared from the electro 


phoretic data obtained in the serial studies of 9 patients with moderately and far advanced 
pulmonary tuberculosis. One additional 


patient treated with the standard regimen 


vas also followed serially as a control with the 


ot 


stre ptomycin at d PAS uid of the rograms 


RESULTS 


Che serograms of 9 normal subjects (figure 3) were obtained from members of 


the laboratory staff of both sexes who were known to be in good health. It can be 
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MODERATELY 
FAR ADVANCED (17) ADVANCED 


'062A/G 0.97A/G 


ARRESTED (19) NORMAL 


1.33A/G 


hia +. Serograms rep! iting the mean electrophoretic values of v ous categories 
pulmonar tuberculo i compared with the mean normal values. The figures n 


yrrackets represent ther mber of cases in each category 


seen that in practically no instance did the protein values obtained extend be 
yond the cross-hatched area, i.e., twice the standard deviation. As expected, al 
though none of the normal subjects showed an “ideal” normal pattern, 1.e., a 
straight line, their average would tend to approximate such a straight line 
figure 4 

The serograms shown in figure 4 demonstrate the characteristi protein pattern 
for each category of pulmonary tuberculosis studied. It can be noted that, with 
the improvement in the disease process as determined clinically and roentgeno 
graphically, the serograms begin to approach normal values or approximate a 
straight line. However, the arrested cases still show a slight elevation of their 
alpha-2 and beta globulin fractions 

The serial serograms of a patient with moderately advanced pulmonary tuber 
culosis undergoing treatment with streptomycin and PAS are shown in figure 5 
This patient showed some evidence of clinical improvement during the observa 
tion period of four and one-half months. It can be seen that this improvement in 
the clinical condition is reflected in the « hanges noted in the serograms, namely, 
an increase in the albumin fraction with some lowering of the gamma globulin 
values as compared with the initial level. This shift of albumin to the right 
accompanied by a shift of the gamma globulin values to the left expresses ob 
jectively the improvement in the clinical condition of the patient The beta 
globulin component, which was slightly elevated above normal at the start of this 
study, declined temporarily but returned to approximately its original value at 
the end of the observation period 

Of the 9 subjects treated with isoniazid, 3 showed definite improvement during 
the observation period, 2 exhibited a temporary improvement followed by decline, 
3 patients demonstrated stabilization of their tuberculous condition, whereas one 
declined rapidly and died. The improvement was evident clinically by decreased 
expectoration, with more frequent sputum examinations which were negative for 
tubercle bacilli and improvement of the general well-being with gain of appetite 


and weight as well as decline of temperature. Roentgenographic examination of 
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*TREATMENT STARTED 4-9-52 


with moderately advanced pulmonary tuberculosis 


ind PAS 


* TREATMENT STARTED 
«@-14-52 


ted patient who improved 


the lungs showed al irrest. of the active tuberculous process and. in some in 


stances, a col iderable decrease in siz and encapsulation ol the cavities 


Serial serograms of a 


representative patient who improved considerably over 


his initial status during an eight-month period are shown in figure 6 The sero 


grams show a marked increase in the albumin fraction (and the albumin-globulin 


ratio) with a simultaneous decline of the gamma globulins, thus reflecting the 
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12-27-51 *B2 


* TREATMENT STARTED 
4-1-52 


Fic. 7. Serial rograms of a representative isoniazid-treates vmatier who showed 


temporary « linical improvement 


*TREATMENT STARTED 
3-21-52 


A/G 
Fic. 8. Sernal serograms of a repre tiv isoniazid-treated patient vho showed no 


linical change during ther 


clinical improvement of the patient. It can be noted that the alpha-2 component 


after a temporary decline to normal values shows the greatest increase above 
normal of all the protein Tractions The protein changes of the other 2 patients 
in this group showed a similar trend toward a normal electrophoretic pattern 


The serograms shown in figure 7 are representative of the 2 patients who 
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BEFORE TREATMENT 


02 4-18-52 
AFTER TREATMENT 


5-6-52 
“16-52 


by 1 ‘ secrograms of an isoniazid-treated patient with far advanced pulmon ur’y 


tubers orated rapidly until death 


howed a temporary improvement alte the initiation of isoniazid treatment, 


which was followed by a deterioration to a clinical status similar to their initial 


condition. It can be seen in this figure that the initially low albumin (and the 


albumin globu In ratio tended to approach normal values, only to de« line sub 


sequently. The initially high gamma globulin decreased only slightly, while the 


alpha-2 fraction remained elevated during the observation period of approxi 
mately four and one-half months during treatment 
Che 3 patients with stabilized pulmonary tuberculosis showed minor changes 


in the albumin or in the globulin fractions. This ts exemplified by the serial sero 


grams ol the case shown In higure S Che laboratory data were borne out clinically 


in one case, but in the other 2 patients some weight gain and improvement of 
appetite were recorded although otherwise no marked changes were noted 
The serograms shown in figure 9 are from a patient with pulmonary tubercu 


losis who was in a serious condition to begin with and who deteriorated rapidly 


until death. It can be 
n the alpha | just prior to death with a conse utive decline ol 


noted that there is a decrease in the albumin fraction with 


a marked Incrense 


the electrophore globulin ratio 


DISCUSSION 


From the data pre sented above it appears that the electrophoreti protein 


changes, as illustrated in the serial serograms for the isoniazid-treated patients, 


offer a good objective means of following the clinical progress of the patients 


It should be stressed that no definite conclusions can be drawn from the study 
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of such a small series of patients undergoing isoniazid treatment. However, it can 
be noted that the patients selected for such treatment were those who had 
previously undergone extensive therapy with streptomycin and PAS with little 
or no benefit. The improvement shown in the 3 patients discussed above is in 
keeping with recent reports dealing with short-term comparative clinical studies 
of treatment with streptomycin and PAS, as compared with isoniazid alone 


It has heen stated im the literature that there Is more roentgenographi and 


clinical improvement in patients treated with isoniazid alone than in those treated 


with streptomycin al d PAS, although the difference is not great 13, 14, lo 
No data of ele« trophoretis protein hanges were obtained in studies on the com 
bined use of these the rapeutic agents which were reported to be more effective 
than either one alon 16 

The electrophor tic method is at present a time-consuming and expensive 
procedure for evaluating the serum protein Tractions in a disease Process sur h as 
pulmonary tuberculosis Che increasing use of the « heaper paper elec trophore tic 
technique may offer a practical and efficient means for determining protein 
components in this disease (17, 18). The clinical data thus obtained can also be 
conveniently expressed in the form of “serograms.”’ Such studies are presently in 


progress at this laboratory 


SUMMARY 


\ graphi method of presenting elec trophoreti data termed the scrogram 
is presented. The average mean normal value for each protein fraction is repre 
sented by a straight line. Significant variations from the normal, such as occur in 
pulmonary tuberculosis, are readily visualized by the changes of the “serogram”’ 


pattern 
Klectrophoretic data (as serograms) were used to follow serially for a four- to 


8-month period 9 patients with active pulmonary tuberculosis treated with 
isioniazid and one patient treated with streptomycin and PAS 

Of the isoniazid-treated patients, 3 showed definite clinical and roentgeno 
graphic improvement, 2 exhibited temporary improvement followed by decline, 
3 remained unchanged, and one patient declined rapidly and died 

he changes the serograms’”’ during treatment appeared to follow the 
clinical status of the patient and prov ide an objective method for evaluating the 


course oft the tuberculous process 


SUMARIO 


ra presentar da 


proteina esta re preset tado por ur line 


el ‘‘serograma’’ se visualizan facilmente 


las desviacion n la tuberculosis 


pulmonat 


Usdronse dato etroforético i rogramas 1 observar consecutiva 


tuberculosis 


mente durante niermos con 
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recta. Por medio de modi fic ones del patron 
wtiva tratados cor un entermo trat cor estreptomicina mas PAS 


SAIFER, ORESKES, AND VOLK 


os con tontacida. 3 revelaror mejoria clini 
mejoria temporal seguida de empeoramiento 
empeord rapidamente fallecié 
iciones de los “‘serogramas’’ durante el tratamiento parecieron conformarse 
il estado elinico de ermo y suministrar un método objetivo para justipreciar la evolu 


enon del proceso tubers O80 


RESUME 


pulmonaire 


ailement pa ‘ appo p 


Présentatior méthode iphique concernant les données électropl oretique sous 

dénomination « sOrogramme La moyenne des valeurs moyennes normales pour 

aque tra téique est représentée par une ligne droite. Les variations significatives 
de la normale, telles qu celles se manifestent dans la tuberculose pulmonaire, sont alseme nt 
visualisées par les modifications du tracé du ‘‘sérogramme 

Les données électrophorétiques (sous forme de sérogramme) ont été utilisées pour 
observ ‘ pendant une période de quatre A huit mois, de 9 malades atteints 
de tuberculose pulmonaire en activité qui étaient traités par l’isoniazide et de 1 malade 
traite par! wseociation astreptomycine PAS 

Parmi les cas traités par |'isoniazide, on a observé: une amélioration clinique et radio 
logique chez trois d’entre eux, une amélioration temporaire suivie de rechute chez deux 
sucune modification trois, plus un cas avec aggravation rapide et déces. Les modifi 
cations des s¢rogramme su cours du traitement apparaissent comparables A l'état 


clinique du malade et elles représentent un moyen d’évaluation objective du processus 


tuberculeux 
icknowledqment 


The authors wish to acknowledge the aid of Dr. Linden E. Johnson, Clinica! Director of 
the U.S | Health Service Hospital, Manhattan Beach, Brooklyn, New York, for 
making available the clinical material for our laboratory studies, and the help of Mrs 
lowa Marable, Chief Technician, for drawing the many blood samples used in thege studies 
We are also grateful to Miss Renee Eisner for typing and editing the manuscript, and to 
Mr. Herbert A. Fischler for the photographic illustrations 


REFERENCES 


Sairern, A., Jounson, L. I AND Oneskes, I.: Electrophoretic and 


chemical serum protein fractions in pulmonary tuberculosis, Am. Rev. Tubers 


1053, 67, 2090 

Sarrer, A sno Zymanis, M.: Photometric microdetermination of human gamma 
globulin: I. Development of a quantitative floeculation-ninhydrin procedure 
J. Clin. Investigation, 1952, 3/, 1 


Sairer, A ZYMARI M AN» Beroer, H Photometric microdetermination of 


human gamma globulin: Il. Comparison of quantitative floeculation-ninhydrin 


method with electrophoretic method, J. Clin. Investigation, 1952, 3/, 12 

Samer, A., Narpy, T.: The photometric microdetermination of gamma globulit 
in cerebrospinal fluid by a quantitative protein flocculation-ninhydrin reactior 
J. Lab. & Clin. Med., 1953, 42, 316 

5) F. B., Serpent, M. \ Arno, A. J., H. W.: Variation ir 

protein and yx saccharide content of sera in the chronic diseases, tuberculosis 
sarcoidosis ‘ ircinoma, J. Clin. Investigation, 1947, 26, 90 

Geret., B., Kip Jacons, L. G AND Ramornio, P. M.: Serum gamma 
globulin estimati ) patients with pulmonary disease, Nat. Tubere. A. Tr 
12S 


4 
342 
1) Vouk, 


M PROTEINS AND ISONIAZID THEI 


tuber 
versit 


OCTATI 


tion. New Yort 


| AND STER 


rmal humar 


Brit. M. J 0. 4783 
‘ ompar 


id, and amine 


therap 


Fereser, 8S. 
omvel soniazid 

ew thes 
patients witl treptom 


26-4 


Zweiz 


New Yo ’ 
itzeR, 


VIARBAC iH 
Parts I, 


\ |’ 343 

H.: Hyperga re ulinemia in pulmonary tuberculosis, A.M.A. Arch. Int 
Med., 1953, 92, 4 

S) Huon J., Mas RK. Dye, W. I Temps C. W.- Combined int 
mittent regime n the treatment of non-miliar pulmonar tuberculo 
Dis. of Chest, 1952 

9) Riney, E. A.: Che ulosis. Am. J. M. Se.. 1953, 226. 552 

10) KANAGAM H Pohoku U1 | lai, personal commu t 

Il) Natio Diagnostic Standards and Classification of 
Puberculo 140 ed 

12) Reiner, M., Fs HI G.: Eleetrophoretic studies the 
protein distnibution in serum, Acta haemato 1050) 

13) Researcnu sTicaTion: Treatment of pulmonary tuberculosis 
vith ison 

14 Mor r.F.W itive efhenas of isoniazid 
strepton ! acd in pulmo 
narv tub. observations on §26 
tients, Am. Re Tuber 1052, 66, 632 

15) Mo r, F. W JENK B Control stud f comparative 
eff f | ind streptomycin-para-amino 
e acid puln ip IV. Report on fort vee} 
observatios 83 cin-susceptible infections, An 
Rev. Tubs 1953, 68 

16) rLerR, S., Bure xk, B BATTAGLI B.- Clinieal ev mation of isoniazid 
An Int. Med 1954, 30, 444 

17) Brock, R. J.. LeSrr Ge, R Paper Chromatograp! orato 
Manu \ le Press Ine 

Klectromig n in stabiliz ind IIL. Clin. Chem 
1053. 5. 17-2 5 40 51-50 


SERUM PROTEIN STUDIES IN EXPERIMENTAL TUBERCULOSIS OF 
THE GUINEA PIG 


WEIMER, JEAN REDLICH-MOSHIN, RUTH A. BOAK 
EMIL BOGEN ann CHARLES M. CARPENTER 


Received for publication November 20, 1953 


INTRODUCTION 


The effects of pulmonary tuberculosis on the proteins in human serum have 


been the subject of a number of investigations (1). Little information, however, 
is available with regard to the influence of the experimental infection on the 
serum proteins of the guinea pig. Inasmuch as the guinea pig is widely employed 
as an experimental animal in evaluating the efficacy of antimicrobial drugs on 
the disease process, it seemed advisable to study the effects of the experimental 
infection on the serum proteins of this animal species. An investigation of the 
post-treatment eflects of corticotropin and of cortisone on experimental tubercu 
losis (2) presented an opportunity for such a study. The present communication 
reports on the observations made with respect to the total serum protein, serum 


albumin, serum globulin, and the albumin-globulin ratio 


MATERIALS AND METHODS 


Serum: One hundred and seventy-five male and female guinea pigs wit! nh average 
weight of O45 gin ere obaeerved to be nonreactors to the intracutaneous injection of 0 ] 
mil. of a 5.0 per cet olution of Old Tuberculin. The animals were inoculated subcutane 
ously in nal region with 1.0 ml. of Dubos medium containing approxi 
mately 60.000 organiames of the BSS strain of Wycohacts sum tuberculosia var. homin 
The animals ' yused 5 per cage in an air-conditioned room and were maintained on 
s chet of rabbit pellet pplemented with greens and tap water, ad libitum. Four weeks 
ifter inoculati treatr was initiated as outlined in table 1 and was continued for 


twenty-one « ’ ruinea pigs were allowed to survive sixty-eight days after the t 


er 
mination ¢« ment and were then sacnficed by exsanguination from the heart and air 
embolism rum specimens were separated and stored at mye until the deter 
minations could be condus 1. Blood was also obtained | cardiac puncture from 21 nor 
mal animals and treated i similar manner 

Chen 1 ina ‘ serum protein was determined | the biuret method of Weich 
selbaum ’ Serun " umin was estimated by the same procedure after the separation of 
the serum globulin | t technique of Kingsley (4). Serum globulin was determined by 


subtracting t value for serum albumin from the total serum protein value 
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The signi nee of the deviations f1 


RESULTS 


The summaries of the treatment regimens, average indices of tuberculosis 
results of chemical analyses, and statistical data are presented in table | 

Total serum proteu Normal serum values ranged from 4.8 to 6.2 gm per 100 
m vith a mean of 5.4 gm. per 100 ml. A significant hyperproteinemia occurred 
in all infected group The serum protein concentrations of the infected groups 
vhich received treatment were higher than the corre ponding level of the infected 
untreated control group of animals (/3). The elevation was significant (P? 0.0] 
low (sroup f inal 

Serum albumir Che average value for serum albumin in normal guinea pig 
erum was 3.0 gm. per 100 ml., or 55.5 per cent of the total serum protein. The 
itter ilue is in excellent agreement with the result reported by Moore (7 , ot 
per cent, which was obtaimed by electrophoretic analyses. Seven of the ten in 


fected groups had a meas ilue less than the a erage of the normal control group 


Lhe difference vere not significant with the exception of (rroup 


Serum globulin: The mean tor the serum globulin in the 21 normal animals of 


Group A was 2.4 gm. per 100 ml. A highly significant hyperglobulinemia occurred 
n all infected groups. The serum globulin concentrations of the inoculated groups 
vhich received treatment were higher than the corresponding concentration for 
the miected, 1 ontrol animals ot Group B. The elevations were signin 
lor Groups C1, Co and )2, and at the 5 per cent level 
tor ty oup 
The albumin-globulin ratio determined for the normal! 
good agreement with that reported by 
ctrophoret ¢ data (7 \ statis ally significant reduc 


i nfected groups 


DISCUSSION 


aibumiul globu 


Total serum erum albumin, serum 
n ratio are determined routinely in the clinical laboratori f tuberculosis hos 
pitais ind provide supplementary information tor diagnosis and prognosis Im the 
present I I procedures comparable to the methods used in clinica 


laboratories have ment emploved to study the serum proteins of guinea p 
fected with humar of Mycobacterium tuberculos 

Dh patter ot the erum protein response of the guinea pig Was similar to that 
reported for human pulmonary tuberculosis (1) in three respects: s ight decrease 
in serum int hyperglobu nemia, and a decreased albumi 
lin ratio 

One marked dissimilarity between the values | a pigs ind 
the concentration of total serum prote in. Crutman | na summary 
investigations, reported that the total serum protein tended to remain within 


normal limits although occasional moderate hyperproteinemia or hypoproteine 


5 
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mia was noted. In the present study, a statistically significant hyperproteinemia 


occurred in all infected groups, irrespective of the nature of treatment. Only 5 


of the 109 infected animals developed a slight hypoproteinemia. Whether the 


variance is due to species or reflects a divergence between the acute experimenta 


infection of a susceptible animal and the chronic disease in relatively resistant 
man requires further investigation 

The results of the serum protein determinations paralleled to a certain extent 
the amount of macroscopic tuberculosis. Only Group EF, which received beryllium 
chloride, and Group F/, treated with streptomycin, exhibited a significant differ 
ence in the average index of tuberculosis when compared with the infected, un 
treated animals of Group B (2). The nature and extent of the pulmonary lesion 
of the inoculated groups (2) would place them in the far advanced, active tuber 
culosis category as classified by clinical criteria (8 

Che observation that the concentrations of total serum protein and serum 
globulin were significantly elevated in some of the groups administered corti 
cotropin' or cortisone’ when compared with the means of the infected, untreated 
control group (3) suggested that hormone treatment might have enhanced the 
degree of the response. The cause of the increased serum levels in the treated 
groups is apparently more complex since normal guinea pigs administered corti 
cotropin or cortisone have been observed to have total serum protein levels 


within the normal range for the species (9 


SUMMARY 


lotal serum prote serum albumin, serum globulin, and the albumin-globu 
lin ratio have been determined in guinea pigs infected with the BSS strain of Wy 
cobactertum tuberculo ir. hominis and treated with three graduated do nges 
of corticotropin and cortisone, two dosages of streptomycin, and beryllium chlo 
ride. Statistically significant increases were observed in the total serum protein 
and serum globulin a highly significant decrease occurred in the albumin 
globulin ratio of all infected groups in comparison with the values of a normal 


control group 
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s¢rumalbumine et sérumglobuline « le rapport albumine 


globulins dans le sérum de cobaves inoculés avec la souche BAS ce 
VW ycobacteri 7 ercu t on s et traites par trois doses progressives ce cortico 
trophine et de co ) leux doses de streptomycine et de chlorure de béryllium. II s'est 
produit un ace ner quement significatif de la proteine serique tot ile et de 

s¢rumglobulis t ur nut trés significative du rapport A/G dans tous les groupes 


tuberculisés, par comy \ les valeurs obtenues dans le groupe témoi 


The assistance of M Helene kk. Drusch and Mr. James N. Miller in the 


animals is gratefu knowledged 
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INTRODUCTION 


Krom i public health pot ol view, any decrease in the number of person 


ili in the sputum which breaks the chain of communica 


discharging tubercle ba¢ 
value. This is even 


bility and interrupts the spread of tuberculosis is of great 


of ambulatory tuberculous patients. It is important, there 


more so in the Cust 
health laboratories suitable, accurate, and repro 


lore to establish for publi 


ducible test procedure 
When the New York City Department of Health began a study of the clinical 
the opportunity pre sented itself te 


effect of isoniazid? o1 imbulatory patients ) 
laboratory diagnosti« procedures “is applied 


observe the efiectiveness ofl 
specimens trom these treated patients Observations were made on the efficiency 


of the results of culture and mi roscopy , a semiquantitative method for reporting 
sive specimens; measurements ol the appearance ol 


etlect ot treatment on 


culture results on 


drug resistant strains of tae .s and measurements of the 


the results obtained by culture 
Specimens trom SS ambulatory patients with fibrocaseous tuberculosis were 
studied during an eight-month course of treatment consisting of 3 mg. of isoniazid 


per kg. of body weight 
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VM. tube ttl ere incubated for three more weeks amimed at wee 
ntervals. The eultur eported estimating the This pre 
cedure was found t owing the bactenologic progress o ilutor patients 
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examined simultaneously by microscopy and culture, 


tubercle bacilli bv either the culture microscopy, OF hoth 


448 (30 per cent) of the 1,132 positive cultures were nega 


by The culture and results are 


seen that, as the number of typical colonies of VM 


the number of ne gative microscopy results for acid-fast 


microscopy-culture relationship is also illustrated in 


that vhen the VW. tuberculosis colony evaluation was 


nt of acid-fast bacilli or a “negative” result was predomi 


ubli health pomt ot iew. this finding is Ol importance, 


patient under treatment mav become bactenologically 


copy, but on culture the identical specimen may continue 


vth of tubercle bacilli. As may be seen in table 2, of the 
27 (2.4 per cent) were found to be negative for M. tuber 
itive tor acid fast bacilli on MICTOSCOpY However nS 


| po 


more than 5O per cent, or IS. of the 27 specimens re 


t bacilli gave a Gaffky | reading, which indicates that 


t organisms were found in fifty fields 


vth of M. tuberculosis on culture was evaluated as 4 plus, 


than | Pills, as indicated rove \s fairly equa imounts 


e were used for each culture and mi roscopic examination 


ermine for each specimen the re itionship of the number of 


on each of fifty fields and the approximate number of 


ted 
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tients were thus studied Group | consisted ol patients whose sputum during 


the period ot study eventually became negative tor tubercle bacilli on culture: 


(; oup B consisted of patients whose sputums were at first very high in acid-fast 


bacilary content but in whom the numbers of tubercle bacilli were reduced dur 
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fast bacilli to negative by the use of microscopy alone, there might be justifica 
tion for interpreting the findings as a bacteriologic improvement. Nevertheless, 
the sputum may be negative for acid-fast bacilli by microscopy but still contain 
a large number of viable tubercle bacilli. The statement has been made (4) that 
100,000 acid-fast bacilli per ml. of sputum must be present before their detection 
is evident by microscopy. It is apparent, therefore, that a negative result by 
microscopy cannot be acc pted as indicating the absence of tubercle bacilli from 
the specimen examined (5 

On the other hand, the mere reporting of cultures as positive for M. tubercu 
losis does not distingul h between very small or very large numbers of organisms 
present in the sputum. This is important from a public health point of view, for 
it affects the spread of tuberculosis by ambulatory patients. The proposed pro 
cedure of evaluating the number of colonies of M. tuberculosis produced on culture 
from a series of specimens can be considered a rough index of the acid-fast 
bacillary content during treatment procedures. That this culture evaluation 
te hnique Can serve as a publ ¢ health tool to study the effectiveness of treatment 
of the ambulatory patient during various phases of his treatment schedule is 
indicated by a correlation found between clinical findings and the amount of 


colony growth of VM. tuberculosis from consecutive series of specimens (6 


Re sults 


Vateria and w od of the druq-suaceptintity teat Isoniazid was incorporats d into 
Lowenstein Jensen ul Peizer-Schechter media. Dilutions of the drug per milliliter of 
medium were 0.1 I ) per mi l per mi ind 5 per mi. An equ il amount (0.25 
mi of the org oneentrate of each sputum was inoculated on both drug-containing 
media. Control media containing no drug were included. The cultures were incubated at 
7 ¢ ind examined when the control reached maximum growth, which usually occurred 
it the end of three or four weeks of incubation A culture was considered resistant to t he 


highest concentration of drug per milliliter of medium on which it grew. Degree of resistance 


wae recognized |! comparison of amount oft growth on the greatest concentration of 180 


niazid with growth o the eontrol slants 


None of the pretreatment specimens ol the SS patients in this study showed 
any resistance to 0.1 y of drug per ml. of medium, as may be seen in table 4. In 
this table are also summarized the resistance and culture results at the end of 
four weeks of treatment with isoniazid. It is of sper ial interest that, at the end 
of the four-week treatment period, none of the 33 patients whose sputum was 
recorded as either negative or less than |-plus growth discharged tubercle bacilli 
resistant to a concentration as low as 0.1 y of isoniazid per ml. of medium. How 
ever, when only a few colonies of VM. tuberculosis resistant to this concentration 
of isoniazid appeared the culture growth usually remained | plus or greatet 

In table 5 is shown the continued increase of isoniazid-resistant tubercle 
bacilli between the fourth and eighth weeks of treatment, as well as the correla 


tion between isoniazid resistance and the VV. tuberculosis colony count. It will be 


noted that,if any degree of isoniazid-resistance appeared in the bacilli discharged 


by a patient, such resistance not only persisted but increased during the second 
month of treatment with the drug This was evident, even when the maximum 


growth of resistant colonies was less than | plus in 0.1 y of isoniazid per mi. of 
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medium. It may also be seen that, although 27 of the 88 patients were in the 
negative or | plus category, this low colony count of tubercle bacilli was directly 
correlated with the absence of isoniazid-resistant organisms 

The maximum bacteriologic conversion to negative for tubercle bacilli was 
obtained at the end of the eighth week of treatment when sputum trom 19 of 
the 8S isoniazid-treated patients failed to produce any growth of M. tuberculosis 
on suitable culture media. It may be noted, moreover (see table 8), that at ap 
proximately this time acid-fast bacilli with significant isoniazid resistance were 


first isolated from many of the patients The bac teniologi picture worsened after 


this period, as may be seen in tables 6 and 7. This appeared to be directly related 


to the continued appearance of tubercle bacilli resistant to more than 0.1 y of 


isoniazid per ml. of medium 


In table 8 the development of isoniazid resistance of tubercle bacilli isolated 
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TABLE 7 
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from the 88 patients during the eight months of treatment is summarized. It 


will be seen that during the first three weeks no isoniazid-resistant organisms 
were found. A small percentage of the patients discharged tubercle bacilli re 
sistant to more than 0.1 y of drug per ml. of medium between the sixth and eighth 
weeks, and a significant number of patients discharged bacilli resistant to 1.0 or 
5.0 y of isoniazid per ml. of medium after eight weeks of treatment with the 
drug. This is of interest because as mentioned above the optimal bacteriologic 
results were obtained at the end of eight weeks of treatment and thereafter an 
increase in the count of M. tuberculosis colonies began to appear 

Comment: The clinician might find it expedient to continue treatment with 
isoniazid after bacilli resistant to only 0.1 4 per ml. have appeared In this 
situation, however, the probability is slight that reversal of infectiousness will 
occur. Actually, as seen in the present series, when at first only a few colonies 
grew on the media containing0.1 y per ml., the tendency was toward a greater cul 
ture count in succeeding specimens Therefore, it seems that the appearance ol 
resistance to even 0.1 y per ml. plays an important role bacteriologically, even 


though continued treatment may be justified. It is of interest to mention that 
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increased resistance to the drug (to 1.0 y or more) and the resultant increase in 


colony count (to l-plus or higher) were present whenever a worsening was noted 
on roentgenography im the group ol SS patients here reported i) 


SUMMARY 
One thousand three hundred and twenty-seven concentrated sputum speci 
mens from 88 ambulatory tuberculous patients treated with isoniazid for eight 


months were examined simultaneously by microscopy and by culture. It was 


found that, when the number of tubercle bacilli in the concentrated specimens 


vas small, the usefulness of microscopy was negligible, for 77 per cent of such 


microscopic examinations Of smears were negative w hen the cultures were positive 


for M. tuberculosi Only 2.4 per cent ol all of the specimens revealed acid-fast 


bac ih on micros ind no tuber le on ¢ ulture 


(An evaluation method of reporting culture results expressed in terms of 
t-plus, 3-plus, 2-plus, and less than |-plus growth was presented to show a direct 


correlation between numbers of MV. tuberculosis colonies on culture and numbers 


of acid-fast bacilli on micros opy ol aliquots of the same concentrated specimens 
The appearance of tsoniazid-resistant strains of VW. tuberculosis in patients 


under treatment with the drug was noted at intervals during the eight-month 


treatment period The colony growth evaluation was used successfully to meas 


ure the bacteriologic progress of treated patients 


SUMARIO 


esputo procede nt de SS tuberculosos ambula 


oO meses fueron examinados simultdneamente con 
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técnicas de frotes v de cultivos Observose que, cuando era pequefia la cantidad de bacilos 


tuberculosos en los concentrados, la eficacia del método de los frotes era menospreciable 
dado que 77 por ciento de los mismos eran negativos cuando los cultivos eran positivos 
Solamente 2.4 por clento de todos los ejemplares dieron bacilos Acidorresistentes posi 
tivos en los frotes negativos en los cultivos 

Ofrécese un método de justipreciacién para presentar los resultados de los cultivos 
expresindolos en términos de colonias de 4 mds, 3 més, 2 mds, | mds vy menos de 1 més 
par i cle mostrar una corre | won directa entre los numeros de coloni is cle V tuberculos 
en los cultivos vy los ndmeros de bacilos d4cidorresistentes en los frotes de concentrados 
idénticos 

A ciertos intervalos, durante el periodo de ocho meses ratamiento, notose torma 
c1on de isoniacido-resistencia de parte de los M. tuberculos iislados de los enfermos 
bajo tratamiento. Para medir el mejoramiento bacteriolégico de los sujetos trat 


usé con éxito la justipreciacién de la proliferacién de las colonias 


RESU MI 


Procédés diagnost 1€8 aboratoire utilisés pou es spécimens de ¢ achats 


tube traités par Uisoniazide 


Treize cent vingt sept specimens concentreés de crachats prélevés chez 8S tuberculeux 
non alités et traités par l’isoniazide pendant huit mois, furent examinés simultanément 
par l’examen direct ‘ par ia culture ll a été observé que lorsque le nombre de bacilles 
tuberculeux était bas, l’effieacité de la technique d’examen direct était négligeable car 
77% des lames étaient negatives ilors que les « ultures étaient positives Ce n'est que dans 
2.4% de la totalité des spécimens que les examens directs et les cultures se sont montrés 
positifs pour les bacilles acido-résistants 

Les auteurs offrent une méthode d’évaluation pour noter les résultats des cultures qui 


s’exprime en termes de 4-plus, 3-plus, 2-plus, I-plus. Des déterminations de croissance 


de moins de l-plus ont été présentées pour démontrer la corrélation directe entre le nom 
| 


bre de colonies de V tuberculosis obtenues en eulture et le nombre de bacilles acido-ré 
sistants dans les étalements de concentrés identiques 

Le développement de la résistance A l’isoniazide de M. tuberculosis isolés, chez des ma 
lades traités par ce produit, fut observé périodiquement au cours des huit mois de traite 
ment. L’évaluation du développement de colonies fut utilisée avee succés pour mesurer 


Vamélioration bactériologique, chez les malades en traitement 
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INTRODUCTION 
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positive undiluted; complement fixatior 
positive 1:160; complement fixation test 


August IS, 10534 recipit t positive 1:160; complement fixation test —positive 
1: st) 


December 28 53 mplement fixation test—positive 1:40 
COMMENT 


Phe purist may argue i diagnosis of histoplasmosis is justified only if the etiologi 
agent is recovered from discharges or tissues of the patient. If this rigid criterion were 
to be accepted exclusively, only a fraction of the occurrences of the disease would be 
diagnosed. Since it is now known that nonfatal histoplasmosis does exist and that in 
stances of the disease are by no means uncommon, the clinician should be ready to accept 
presumptive evidence in the absence of positive identification of the fungus 

In the instance here reported, several significant findings may be mentioned: first, the 
conversion of the histoplasmin test from negative to positive within two months after the 
onset of the illness; second, the evidence of an increase in and subsequent waning of the 
immunologic response as manifested by the precipitin and complement fixation tests for 
histoplasmosis. kspecia in an endemic area, such evidence is highly suggestive. Since 
this kind of evidence has been accepted by clinicians and immunologists for other diseases, 
it should be acceptable for | istoplasmosis even though immunologists are not vet agreed 
on which test is most sensitive, which antigen is best, or how to interpret results 

The patient's roentgenogram presented still another point of interest. The initial chest 
film was suggestive of a miliary tuberculosis. However, the patient was not critically ill, 
ind his tuberculin reaction was negative to 1.0 mg. of OT. In the relatively short period 
of four months the diffuse nodular infiltration of the lungs resolved completely without 
residual searring or calcification. No antimicrobial therapy was administered during the 
illness. Treatment was entirely symptomatic. The spontaneous recovery of this patient 
is further proof, if more were needed, that not all histoplasmosis is fatal 

In several previously reported studies (1, 2) it has been noted that there appears to be 
some association between excreta of fowl and histoplasmosis. The history in this case in 
dicated that the patient probably was exposed to the etiologic agent while he was cleaning 
out his chicken house. On August 11, 1953, samples of soil were obtained from inside the 


chicken house. //. capsulatum was isolated from this soil. Although recovery of the organism 


from the presumed source of exposure cannot of itself be regarded as proof of the diagno 


sis of histoplasmosis, it is nevertheless an additional piece of supporting evidence in this 


ine 
icknowledqments 


We wish to exp our gratitude to Dr. Walter Pyle of Franklin, Tennessee, for making 
his clinical ‘ of this patient available to us. We should like to acknowledge the 
contributions of oseph H. Sehubert, Serology Unit, and Dr. Libero Ajello, Mycolog 
Lnit of the Communi Disease Center, Public Health Service, who were respectivel 


responsible ‘ } ) ipitin tests and the mvycologi il study of the soil 
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A TRISODIUM PHOSPHATE TRANSPORT-DIGESTION METHOD 
OF PROCESSING SPUTUM AND GASTRIC SPECIMENS FOR 
THE DETECTION OF MYCOBACTERIUM TUBERCULOSIS 
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men. After each ¢ « culture mixture was well shaken, it was subdivided into four parts 
of 10 mil. eacl of the four portions was then treated as follows: one portion was 
processed by the usual 4 per cent sodium hydroxide-hydrochloric acid method, and this 

ed as a control: the three other portions were mixed with 10 ml. of 23 per cent, 15 
per cent, and 10 per cent trisodium phosphate, respectively. The gastric culture-trisodium 
phosphate mixtures were then left at 22° to 24°C. for a total of seventy-two hours. At the 
end of forty-eight hours and again at seventy-two hours, two samples of | ml. of the 
well-shaken suspension were removed from each of the 150 tubes of gastric culture 
trisodium phosphate mixtures and spread evenly on Peizer-Schechter agar plates. The 
seeded plates were sealed to prevent drying, incubated at 37°C., and examined for the 
growth of M. tuberculosis colonies at weekly intervals for four weeks. Observations on 
the digestion and contamination of each specimen were made at the end of each twenty 
four-hour period 

toth 23 per cent and 10 per cent trisodium phosphate were equally effective in the 
digestion of the sputum specimens during the one to fourteen days of exposure at room 
temperature. Similarly, 23 per cent, 15 per cent, and 10 per cent trisodium phosphate were 
all equally effective in the digestion of the gastric specimens exposed for twenty-four to 
seventy-two hours room temperature No contamination was encountered throughout 
these experiments 

In table | the relative toxicity of 10 per cent and 23 per cent trisodium phosphate on 
small numbers of M. tuberculosis suspended in sputum specimens at room temperature for 
one to fourteen days is indicated 

In table 2 the relative toxicity of 10 per cent, 15 per cent, and 23 per cent trisodium 
phosphate on sm numbers of M. tuberculosis suspended in gastric washings at room 
temperature for eight to seventy-two hours is indicated 

It is apparent from the tables that 10 per cent trisodium phosphate is superior to 23 per 


cent for maintaining the viability of M. tuberculosis in both sputum and gastric specimens 


Because of the sa ~ t was decided to use 10 per cent trisodium phosphate is A 
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THE ANTITUBERCULOUS ACTIVITY OF PYRAZINAMIDE IN VITRO 
AND IN THE GUINEA PIG 


Several reports have described favorable results with pyrazinamide alone in both ex 
perimental and clinical tuberculosis.’ It was therefore considered of interest to record 
observations on the in vitro effect as well as the in vivo activity of this drug in the ex 
perimental animal 

The in vitro effect of pyrazinamide against the H37Rv strain of M. tuberculosis was 
tested in three different types of medium, namely, Tween*-albumin medium, Proskauer 
and Beck synthetic medium, and Proskauer and Beck synthetic medium with 10 per cent 
horse serum. Complete inhibition of growth for fourteen days was not obtained with con 
centrations of the drug as high as 200 y per ml. (the highest concentration used). A 
slight inhibition of growth by 100 and 200 y of drug per ml. was noted in the two media 
without serum. Three different lots of the drug 7-8036, 7-S362, and 7-S627) gave the 
sume results 

The effect of pyrazinamide against acute tuberculosis in guinea pigs was evaluated in 
two separate experiments, the results of which are presented in tables | and 2. In both 
the guinea pigs were infected subcutaneously with the H37Rv strain of VW. tuberculosis 
and the drug was administered as outlined in the tables. Four different lots of the drug 
were used, three in the first experiment and one in the second. It may be seen that the 
results obtained with pyrazinamide were not striking; the treated guinea pigs in each ex 
periment showed very little difference from the control untreated group. For comparison 
the findings in a group of pigs treated with isoniazid are indicated in table 2 

Other workers have found that pyrazinamide has only slight in vitro activity. Solo 


torovsk) and associates” reported that 150 y per mi. was the inhibitory concentration 


Kusuner, Darauian, H., Sansurso, J. I Bacn, F. L., . t.. 
V.K., Jr., Witiiams, J. H.: J. Am. Chem. Soc., 1952 
Mavone, L., Scuurr, A., Linpu, H., McKenzie, D WILLtAMs, 
Am. Rev. Tuber 1952, 65, 511 
Dessau, F. 1., Yeacer, R. L., Buras and Witiyams, J. H Am. Kev. Tuber 
1052. 64, 519 


Ve AGER R Mi NROF W (;. ¢ Rev Tubere 1952 645 


SCHWARTZ W.s 4 Mover, R. I Transactions of the Eleventh Conference on the 
Chemotherapy of Tuberculosis, Veterans Administration, Army, Nav St. Louis, Januar 
1952, p. 302 

Scuwartz, W. A Mover, R. ! lransactions of the Twelfth Conference on the 
Chemotherapy of Tuberculosis, Veterans Administration, Army, Nav Atlanta, February 


1053 p 206 


KRASNER, | lransactions of the Twelfth Conference on the Chemotherapy 
berculosis, Veterans Administration, Army, Nav Atlanta, February, 1953, p. 341 


*SaLkin, D., Scuwartz, J. A rransactions of the Twelfth Conference on the 
hemotherapy of Tuberculosis, Veterans Administration, Army, Nav Atlanta, Februar 
1953, p. 343 

M., Grecory, F. J., Ironson, J., Boar, bk. J., R. ¢ 
AND Prisver, K., II]: Proc. Soe. Exper. Biol. & Med., 1952, 79, 563 

The pyrazinamide used in all the described experiments was generously supplied by 
the Lederle Laboratories Division, American Cyanamid Compan Pearl River, New 
York 


n° -albumin medium is and Weed using mal 


ited from patient re able to demonstrate only 


OOO y of pyrazinamn on blood and Herrold’s 


ner ‘ ean Trudeau 


th | | 


found that Lo i uns of tubercle baci isolated 


bited for fourteen n Tween" 


onsiderable i ition 


NOTES 
rABLE 
bors yr Pymaz r Accure Tuper Losts IN GIUINE Pr 
f ‘ 0 mg ir veight subcutane 
DE 
MAES I 
Pyrazit 
twice ad i 1/10 1.45 2.7 25 9.2 
* rg ing er eel mph nodes yas ssigned a value trom to 4 
weord gross tuberculous disease \l mut total tor eact inimal 
here ‘ 
t Ald ‘ La Lot Nos. 7-8036. 7-8277 S362 
rABLE 2 
bers r AGAI r Acute Tuser iS IN GIUINE Pi 
Infeet H37R n of M. tul 0.1 me. (dry weight) subcutan 
ousl lreatme t ‘ Od fter infeetior All survivors ed 100 days after ir 
VEER DF 
I 
I I 
Contre 25 per ent 2.4 13.5 
intramuscula 0.1 0.2 0.05 2.3 5D 
t Ald Lot. No. 7-627 
t Two died il ise ffer S and 10 da of treatment, respective nd were 
not mechuce ‘ i 
wainst the H37Rv strain in Tweet 
strains of M. tuber eshly 
partial inhibition with 100 and | 
medium. Dessau ar oclat 
ecliu it the jualifed this by stating that there was 
tro one ent me strain to the othe 
In reg to the effect of pyrazinamide on guinea pig tuberculosis, Dessau and asso 
Wes In \r Rev. Tuber 1054. 67, 301 
iol. thi 


ciates® have tl 


Phes 
le 


reported 


ill orally as wit! 


result was qualihed | 


dosage with different 
re ported no beneficia 
difference in the Ty 

Omg. of drug dail 


It will 


reported 


be noted 

herein 

lacturer 
Che 


tubers 


In answer 
described « 


lous 


oceul 


ments might ha 
n the cour 
persist 
growtl 
uch alteration could 
in the controls, as 

In sun 
H37R 


ma 
strain ol 
little 


ben 


Kg. per 


Al 
TRUDEAI 


RUDEAI 


February 


KI 
‘McDermot 
Ir Tom 


AND 


ipparently obtained 


ound 


itaneously, 


l 


veeks of the 


les of the drug 


moderate but definite antituberculou 


is good results in ute tuberculosis with 50 mg 


if 


of streptomycin subcutaneoi 
considerable 


In 


izinamide 


nding ol “ver 


two survi' 


one second 


imong three groups: 62 days in the 


controis 


ind 5O to S87 davs with 75 mg 


lifferent 


the 


lots of pvrazinamiuce t! 


were used 


ised second experiment was supplied 


vith p 


request ior a hbatel 
vhen 


the 


Vrazinamucde used alone in 


is shown microbial ¢ itiol technique 


ind in both man and the oO 


n the 


treatment period ise 


possible that the tre ited guinea pigs resent ey 


if the | 


per 


e difference from the controls wi been killed earlher 


Then. however vould have ¢ 


fifth day of 


one per 


nfection unless the timulated 


in OT throug! ts toxicit resistance 


imal than 


ent investigators 


to have onl 


concentrations is hig is 2004 per 


separate experiments vhen admi 


DO to 551 twice dail ippre 


WILLIAM 


IcMANUEI 


STEENH 


WOLINSKY 


periment 
KY. | Tr. N 
I Muscut 


Tuber 


319 


‘HEIM 
104, 69 


| 
NOTES 
15 meg isiy per da \gain, this average 
experiments, these writers 
effect from i thie mengetl 
be n the ciet 
that (00 periinents 
1M roved antituts itivit 
uring the first 
the sevent y- 
nduce a more rapid spread of disease in the treated ai! 
been observed by the pres with other drug 
! le Was vitro activit yvainst the 
tuberculous guinea pig ce te mg. per 
LABORATORY 
SARANAC IN UTI 
New Yor 
23, 1954 
rhe results of the s l¢ ere mentioned efly in a previou eport 
Ie W t. Tuber \ 1952, p. 425 
| W.. ame, K., McCune, R. M., 
err, R Am. Rev. ill 


THE CULTURE OF TUBERCLE BACILLI FROM RESECTED LUNG LESIONS 


A Comparison of Bovine Albumin and Physiologic Saline as Diluents 
of Tissue Homogenates in the Recovery of Tubercle Bacilli by Culture 
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American Trudeau Society 


Medical Section of the National Tuberculosis Association 


NOTES 
INTERIM SCIENTIFIC SESSION OF THE AMERICAN TR soci 


hold an Interim Scientific Session Hote 
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will be « i | cual sted in pulmonary cise nternal medi surge! 
pec ‘ sin alhed cisciplines 


The rowral senes of presentations rious ispects of pulmonar 


ratory standpoints detailed program will in 


n the program may submit abstracts of materia 
rogram. Such abstracts should not exceed 200 words 
vritten double-spaced, and submitted in quadruplicate 
October |. The abstracts should be addressed to 
Tucker, Chairman 
Session Program Committes 
\dministration Hospital 
ith Street and 48th Avenue Sout! 
\linneapolis 17, Minnesota 
It is anticipates notification of selection for participation will be sent to authors 
ubmitting abstracts October 15 
litles may be submitted on any subject in pulmonary disease, from either a laboratory 


or clinical standpomt. Not more than twelve minutes will be allotted for presentation 


\dequate time for discussion of each paper has been planned. Manuscripts neec| not be 


submitted fo ication. Investigative work in progress may be reported, but papers 
hould repres original investigative work. Inquiries about further details will be wel 


con 


rHE JAMES ALEXANDER MILLER FELLOWSHIP 
FOR 


RESEARCH IN TUBERCULOSIS AND ALLIED PROBLEMS 


New Yor ub ilosis and Health Association announces that a fellowship will 
lable from Ji 1955 to June 30, 1956 
The Miller Fellov » is designed to support a qualified investigator in medical o1 
biological science vw levote full time to a research project in Tuberculosis or allied 
problems. Assurance must be provided that the applicant will be acceptable in the labo 
ratory or clinic of } ) ind that he will be vided with the facilities necessar 
for the pursuit of the 
The annual stipend w p $5,000. Consideration will be given for renewal of the 
Fellowship for one or mo ears 
\pplications should be submitted in duplicate by November 1, 1954. Application 
forms will be supplied on request. Address--The New York Tuberculosis and Health 
Association, 386 Fo enue, New York 16, N. Y. Awards will be announced December 
15, 1954 
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Sulfate 


“a third potent tuberculostatic agent’! 


now availableas Wimnactane 
Sulfate 


Viomycin Sulfate Ciba 


e Active even when bacillary resistance to 
streptomycin or isoniazid has developed 


e Side effects rare and generally mild in thera- 
peutic dosage 


e Especially recommended in combination 
with PAS 


Supplied as sterile vials: The equivalent of 1 
Gram viomycin base as the sulfate. 


Ciba Research 1. Hobby, G. L., Lenert, T. F., Rivoire, Z. C., Donikian 
Am. Rev. Tuberc. 67: 808, 1953 


Detailed literature sent on request of physicians 


Ciba Pharmaceutical Products, Inc., Summit, N. J. 


15 
M., and Pikula, D.: 
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new instruments for 


Cardiac Surgery with 
non-traumatic ATRAUGRIP jaws’ 


Now the cardiac surgeon has the working 
advantages of fine, perfectly balanced Pilling- 
made instruments plus the new, nonculting, 
non-traumatic ATRAUGRIP jaws 


Two rows of finely serrated teeth on one 
blade and one row on the other, each set in a 
separate parallel plane, provide a grip which 


GLOVER AURICULAR 
APPENDAGE CLAMP 


GLOVER COARCTATION 


will not slip despite high intravascular pres- 
sures Of intricate Operative procedures. The 
surgeon ts assured a firm grasp of ussue or 
complete occlusion of blood vessels without 
danger of crushed or perforated vascular walls 
or to linings 

Write Pilling for data on other instruments 
for cardiac surgery 


GLOVER PATENT 


CLAMP 
Th2251 straight 


DUCTUS CLAMP 
Th2089 Th2261 straight 
Th2256 angular 


Th2275 curved 


Th2266 angular 


*Parc No 2668538 


THE AUTHENTIC INSTRUMENT IS AVAILABLE ONLY FROM PILLING—ORDER DIRECT: 


GEORGE P. & SON CO. 


3451 WALNUT STREET, PHILADELPHIA 


\, 
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Diagnostic Reagents 
for the Determination of 


ANTISTREPTOLYSIN TITERS 
Bacto-Streptolysin O Reagent is a standardized reagent recommended as an aid in 
the diagnosis of Rheumatic Fever, Glomerul mephritis and other diseases associated 
with Group A streptococcal infections 


SENSITIVITY TESTS 
[he significance of determining bacterial sensitivity is accentuated by the discovery 
# increasing numbers of antibiotics, sulfonamides, and other chemo-therapeutic 


agents and the development of resistant organisms to one or more of these compounds. 
Sensitivity or resistance ts easily determined with Bacto-Sensitivity Disks 


HETEROPHILE ANTIBODIES 
The differential diagnosis of Infectious Mononucleosis requires the use of stand- 


ardized heterophile reagents 


Bacto-Guinea Pig Kidney Antigen, Desiccated and Suspension 
Bacto-Beef Cell Antigen, Desiccated and Suspension 


BLOOD COAGULATION 


Prothrombin determinations require accurately prepared interstandardized 
reagents 


Bacto-Thromboplastin Bacto-AC Globulin 

Bacto-Prothrombin 2 Stage Reagent Bacto-Sodium Chloride 0.85 Per Cent 
Bacto-Prothrombin Free Beef Plasma Bacto-Sodium Oxalate Solution 0.1 Molar 
Bacto-Prothrombin Free Rabbit Plasma Bacto-Calcium Chloride Solution 0.02 Molar 


LIVER PATHOLOGY 


Differential diagnosis of hepatic disturbances is aided by standardized reagents: 


Bacto-Cephalin Cholesterol Antigen 
Bacto-Thymol Turbidity Reagent Bacto-Kingsbury Turbidity Standards 
Bacto-Thromboplastin and other Prothrombin Reagents 


RENAL FUNCTION 


Phenolsulfonphthalein Ampules, Difco is a carefully prepared injectable recommended 
for use in determining renal excretion rate 


HEMAGGLUTINATION 
OF RED BLOOD CELLS 


Accurately determined by the use of 


Bacto-Trypsin 1°; for Hemagglutination Trypsin, Difco, 1 :250 
Bacto-Hemagglutination Buffer Bacto-Bovine Albumin 30° 
Bacto-Phytohemagglutinin 


DIFCO LABORATORIES 


DETROIT 1, MICHIGAN 


-= 
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A CCEPTED 


‘PASMED’ SODIUM 


INTERMEDICO BRAND OF 


"SODIUM PARA AMINOSALICYLATE 
TABLETS 0.5 GM. 


NOW AVAILABLE 


TABLETS PASMISON 
Each BUFFERED tablet combines 
SODIUM PARA AMINOSALICYLATE 0.5 GM. 
and ISONIAZID 12.5 MG. 


Write for samples and literature 


INTERMEDICO CORP. 


118 CHERRY LANE, FLORAL PARK, N.Y. 


EMERSON 
RESPIRATION 
ASSISTOR 


I. P. P. B. 


1. Mixes air with oxygen. 


2. Flows rapidly and 
exhales freely. 


3. Can be cleaned easily. 


Write for full information. 


J. H. EMERSON CO. 
Cambridge 40, Massachusetts 
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ADMISSION X-RAY PROGRAMS 


Fairchild 70-mm x-ray cameras 


Fairchild 70-mm 


X-Tay cameras used in 
connection with photofluorographic equip 
provide the easiest and most eco 
nomical method of 
plete idmissions X-ray 
of their 


fractional 


ment 
carrying out a com 
program be Luise 
and 
the 


standard” for 


rapid 
film costs As 
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operation 
result 
mass chest radiography. The 70-mm nega 
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10 per 


Suspected positive Cases 
found to average 
cent of all would 
normally be retaken on 14 x 17 film by the 
hospital radiologist 


between 


idmissions 


hospit il 


Accessories for 
Fairchild 70-mm x-ray cameras 
© 70-mm Roll Film and Cut Film 

Developing Equipment 
© 70-mm Roll Film Oryers 
© 70-mm Roll Film and Cut Film Viewers 
© 70-mm Cut Film Adapters 


The completely automatic operation of 
the Fairchild Roll 


one technician to radiograph up to 150 


Film Camera permits 


chests per hour. For smaller hospitals the 
Cut I ilm ¢ off Ts ick nti il high new 
itive quality at lower initial investment 
iirchild’s 


on all leading 70-mm hospital admissions 


70-mm cameras are available 


units and can be 


installations 


idapted to many existing 
The cameras are uncondition 
illy guaranteed for one 
backed by 
further 


veal ire 
Fairchild factory 


information 


service. kor 
consult your x-ray 
Faire hild 
Robbins 


160-368 


equipment supplier or writ 
and Instrument 


Syosset, L. 1., N.Y 


Camera Corp 


Lan Dept 


IRCHILD 


X-RAY EQUIPMENT 
AND ACCESSORIES 


Fastest 
equipine” 
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New NTA Publication 


Pennsylvania Pioneers 


AGAINST 


Tuberculosis 


By Esther Gaskins Price 
294 Pages Cloth Bound $5.00 a Copy 


In this fully documented volume, there are brought together for the first time 
the stirring facts about the inception, development, and fruition of one of the most 
successful health crusades in history 

When this crusade started, tuberculosis was claiming human lives at the rate 
of more than 20,000 in a single decade in Philadelphia alone. Popular superstitions, 
medical conservatism, the hostility of landlords, industrialists and politicians, were 
some, but by no means all, of the difficult road blocks which confronted the pioneers 


Original Sources 

Utilizing the proceedings of some of the most important medical meetings of the 
19th century—the archives of the Pennsylvania Tuberculosis and Health Society 
and public health departments, newspaper files, and family records—PENNSYL- 
VANIA PIONEERS AGAINST TUBERCULOSIS gives the historic details of the 
long drawn out battle waged by pioneers in the tuberculosis control movement. 

This battle, spearheaded by Lawrence Flick and a small but forward-thinking 
group of earnest co-workers, finally led, among many other specific results, to the 
creation of the original tuberculosis society in the United States and the establishment 
of the first institution in medical history to concentrate on the prevention and treat- 


ment of a single illness 


Readers of the American Review of Tuberculosis will find in this book 
interesting and valuable background data, never before available, covering 
the critical period in which effective health control measures first began to 


assume their present shape. 
Send your order today to: 


National Tuberculosis Association, 1790 Broadway, New York 19, N.Y. 


Additional postage outside U.S. and Canada, 50 cents a copy 
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POSITIONS AVAILABLE 
AND WANTED 


RATE $3.50 per insertion for 25 words or less; additional 
words—15 cents each. Bold face semi-display $5.00 per in- 
sertion for 25 words or less; additional wordse—20 cents 
each. Box number—75 cents extra. Employment Bu- 
reaus—$)0.00 per column inch. Remittance should ac- 
company copy end be sent to: American Review of 
Tubercuicels, 286 Madison Ave., New York 16, N.Y. 


POSITIONS WANTED 


EXPERIENCED CHEST SPECIALIST with good qualifications 
desires medical directorship or superintendency. Graduate of Class 
A American Medical School. Box 136, American Review of Tuber- 
culosis, 280 Madison Avenue, New York 16, N. Y. 


FOR SALE 


FLUOROSCOPE IN SCHOOL BUS: Will sell fluoroscope sepa- | 
rately. Bus has run less than 6,000 miles and is equipped with an | 


air conditioner and heating units. Write air mail or telegraph Dr. 
A. A. Pleyte, 1018 North Jefferson Street, Milwaukee 2, Wis. 


Now Available in Spanish 


Clasificacién y 
Diagnostico Standard 


(DIAGNOSTIC STANDARDS) 


First published by the National Tuberculosis 
Association in 1950 and now in regular use by more 
than 100,000 physicians, this accepted authority 
on terminology, standard tests and classification 
in tuberculosis has now been translated into 
Spanish by Professor H. Orrego Puelma of the Uni- 
versity of Chile Faculty of Medicine, assisted by 
Doctors F. Vaccareza, Ignacio Baldo and 
Armando Alonso, and is available to interested 
.¥ in the form of a 64-page publication. 

o cover handling costs, a price of 50 cents 
(American funds or the equivalent) has been 
established. Your order is cordially invited and 
will have immediate attention. 

Please address orders to: 


DR. H. ORREGO PUELMA 
Hospital del Salvador, 
58 Vicuna Mackenna, Santiago, Chile. 


series of fifty 35mm recordings of roentgeno- 
from leading specialists’ files. Densities retained. Use 
slides as an aid to diagnosis, teaching, and review. 


i 


of the Colon, St. Luke's Hospitol, Chicago 
Angiocardiogrophy, New York Hosp., New York City 
yelography, Neurological Institute of New York 
infections, St. Luke's Hospito!, Chicago 
racture of Ankles, Ravenswood Hosp., Chicago 
Pediatric Cornell Medical Center (Ov! of Priat) 


For Reference and Teaching 


NEW! No. 5-1 Mediastinal and Thoracic Wall Tumors—Re- 
seorch Clinic, Kansas City (includes 7 color 
slides of surgical specimens) 

NEW! No. 7-1 Anomalies and Diseases of the Genitourinary 
Troct—Research Clinic, Kansas City 

NEW! No. 7-2 Tumors and Diseases of the Genitourinary 
Troct—Research Clinic, Kansas City 

Price per set $15.00 


Request description of any sets by number. 


MICRO X-RAY RECORDER, INC. 


| 
2X2 
FILM 
| 


ASSURES INTAKE OF 
BOTH PAS AND INH 


contains 0.5 Gm. PAS and 12.5 mg. INH 


ated Salty EFFECTIVE because combination BUFFERED 
PARASAL-INH therapy both diminishes 
and postpones development of resistance. 


ECONOMICAL and CONVENIENT because 
40% FEWER TABLETS are required. 17 
BUFFERED PARASAL-INH tablets re 
place 28% tablets (24 tablets sodium PAS 
0.5 Gm. plus 4% tablets INH 50 mg.). 


WELL TOLERATED because UNIQUE 
BUFFER incorporated in each tablet vir- 
tually prevents GI upset even in cases in- 
tolerant to ordinary sodium PAS 
Sodium and sugar free. 
Write for samples, literature, complete information 
Sole Canadian Distributors: 
WINLEY-MORRIS CO., 6579 Somerled Ave. 
Montreal 29, P. Q. 


{ CORP. 


340 CANAL STREET, N.Y.13, N.Y. 
© 1953 The Ponray Corp.,, New York 


AL-INE 
/ d INH Therapy: 
PAS an -cated tables 
Wi iy ONE small 
Each BUFFERED PARASAL-INH tablet 
Tablets = 8Gm. + 200 mg. 


